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An effective mass based model accounting for the conduction band quantization in a high aspect
ratio semiconductor nanotip is developed to describe injected electron transport and subsequent
electron emission from the nanotip. A transfer matrix formalism is used to treat electron scattering
induced by the variation in the tip diameter and the electron emission. Numerical analysis of the
scattering and emission probabilities is performed for the diamond parametrized nanotip model. Our
scattering and emission models are further combined with a Monte Carlo (MC) approach to simulate
electron transport through the nanotip. The MC simulations, also accounting for the electron-
phonon scattering and externally applied electric field, are performed for a minimal nanotip model
and an equivalent width diamond slab. An effect of the level quantization, electron scattering due to
the nanotip diameter variation, and electron-phonon scattering on the nanotip emission properties
is identified and compared with the case of bulk slab.
I. INTRODUCTION
Nanostructured cold cathodes are required for ap-
plications in flat panel displays,1–3 flat panel X-ray
sources,4 microwave devices,5 free-electron lasers and
accelerators.6,7 Recent progress towards developing a
new class of table top free-electron light sources and
accelerators imposed a high demand in new cathode
technologies.8–11 These accelerators are driven by in-
frared lasers and their dimensions are 2-3 orders of mag-
nitude smaller than the dimensions of their radio fre-
quency counterparts. Therefore, high brightness cold or
photo cathodes with the capability to produce low di-
vergence and small emittance beams on the nanometer
to micron scale are desirable. In light of this, nanotip
based electron emission sources are natural candidates
for the production of high current electron beams. Re-
cently, carbon nanotube based field emitters have been
extensively studied due to their unique charge carrier
transport, emission characteristics, and well developed
fabrication and characterization technologies.1,3,5,12–14
Besides carbon nanotubes, the field emission has been
studies in nanoparticles,15 nanowires (NWs),16,17 and
graphene.18,19
Diamond naturally plays a central role in developing
cold cathodes due to possibility to achieve negative elec-
tron affinity via surface hydrogenation,20,21 high struc-
tural stability, chemical and radiation damage tolerance,
and high thermal conductivity. A variety of nanostruc-
tured diamond field emitters have been extensively ex-
amined and fall within two major categories such as nan-
odiamond films and quasi-1D structures.22 The latter in-
cludes various assemblies of polycrystalline and/or single-
crystal nanorods, NWs, nanotips, and nanopillars. Simi-
lar to carbon nanotubes an increase in the emission prop-
erties of diamond quasi-1D structures is attributed to
their high aspect ratio resulting in sharp tips near which
the electric field receives significant enhancement lower-
ing the ionization potential.23 Various adsorbed atoms
and molecules can support resonance tunneling further
enhancing the electron emission properties of carbon nan-
otubes and other diamond cathodes.24
In light of developing high-brightness, low emittance,
fast response time, and long-lifetime electron sources,
experimental study of secondary electron emission from
hydrogen terminated diamond amplified photocathodes
have been recently reported.25–27 To interpret the exper-
iment, secondary electron generation and transport in
diamond has been modeled in 3D.28 Subsequently, mod-
eling of electron emission from a planar hydrogenated
diamond surface accounting for associated band banding
effect, effective mass anisotropy, and the inhomogeneity
of electron affinity has been reported.29 Photocathodes of
III-V semiconductors can also be activated to negative
electron affinity.30 In accord with Spicer’s 3-step pho-
toemission model,31 carrier photoexcitation, transport,
and emission simulations, based on a Monte Carlo (MC)
method, have been reported for doped GaAs bulk slab
and layered structures.32,3334 These studies include ex-
perimental measurements on the GaAs structures with
Cs/NF3 surface passivation which show a good agree-
ment with the simulation predictions. This opens op-
portunities for realization of ultrabright (sub)picosecond
response time photocathodes based on III-V semiconduc-
tors.
Understanding field and photoemission properties of
nanostructured diamond and aforementioned semicon-
ductors requires significant modification of the models
used for the bulk simulations. The modified models
should take into account quantum size effects along with
the electric field enhancement near sharp geometric fea-
tures on the nanoscale. An analytical model dealing with
the field enhancement effect of a nanotip has recently
been reported.23 In this article, we address a problem of
the quantum size effects on electron transport and emis-
sion properties in the case of a nanotip geometry. Details
on the electron injection/photoexcitation process are not
considered. However, our generic approach can be com-
plimented by electron injection and/or photoexcitation
models resulting in a modeling tool suitable to study both
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FIG. 1. Schematics of a nanotip modeled as a sequence
of co-axial cylindrical NW segments of decreasing radii each
supporting an incoherent electron transport. The segments
are connected via nanojunctions facilitating coherent electron
scattering (Fig. 2) . The last segment is terminated by the
electron emission region (Fig. 3).
electron field and photo emission processes.
As illustrated in Fig. 1, we model a semiconductor nan-
otip as a sequence of decreasing diameter co-axial cylin-
drical NW segments. The length of each segment is as-
sumed to be much longer than the electron mean free
path. This allows us to model the incoherent electron
transport in each segment using semiclassical MC meth-
ods accounting for the electron-phonon scattering. The
NW segments are separated by the nanojunctions each
assumed to have a length scale smaller than the electron
mean free path allowing us to neglect the electron-phonon
scattering. Therefore, a coherent electron scattering oc-
curs at each nanojunction due to the NW diameter mis-
match. We also assume that the electron emission takes
place only from the surface terminating the last NW seg-
ment. This assumption is valid provided the overlap cross
section of adjacent NW segments is much larger than the
cross section area exposed to the vacuum preventing low
energy electron emission at the nanojunctions. Such an
assumption limits our model application to high aspect
ratio nanotips.
Accordingly in Sec. II, a transfer matrix approach is
utilized to derive the transmission and reflection coeffi-
cients (i.e., the probabilities) for the electron scattering
at a nanojunction and electron emission from the surface
terminating the nanotip. A numerical analysis of these
quantities for the diamond based stand along nanojunc-
tion and a stand along emission region are provided in
Sec. III. Sec. IV reports the results of the MC electron
transport simulations for a minimal (two-segment) model
of a diamond nanotip in the presence of an external elec-
tric field. The simulations incorporate the nanojunction
electron scattering and electron emission from the surface
terminating the nanotip. Sec. V provides concluding re-
marks.
II. THEORY OF NANOJUNCTION
SCATTERING AND NANOTIP EMISSION
Let us consider a NW segment, s, whose symmetry axis
is aligned with z-direction. An electron wave function in
this segment is represented as a plane wave propagating
in the z-direction within a subband designated by a set
z
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FIG. 2. Schematics illustrating coherent scattering of an elec-
tron from L to R segments forming a nanojunction via quan-
tum scattering region C. Incident (black) and reflected (blue)
wave functions in L-segment (Eq. (4)) are shown explicitly.
Same applies to the transmitted electron wave function (red)
in R-segment (Eq. (5)). C-segment is described using the
transfer matrix MLR given by Eq. (7).
of discrete quantum numbers α
Ψsα(z) = e
±iksαz|sα〉. (1)
Here, the electron wavevector is
ksα =
√
2m∗l
~2
E − m
∗
l
m∗t
κs2α , (2)
where E is the total electron energy evaluated with re-
spect to the bottom of the bulk conduction band. m∗l and
m∗t are the longitudinal (z-direction) and the transverse
(radial direction) effective masses, respectively.
The transverse quantization of the wave vector, κsα,
arises from the radial component of the envelope wave
function represented in cylindrical coordinates, {ρ, θ}, us-
ing Bessel functions of the first kind
〈ρθ|sα〉 = N
s
α√
2pi
Jn(κ
s
αρ)e
inθ. (3)
Here, the normalization prefactor is Nsα =√
2/[ρsJ
′
n(κ
s
αρs)] with ρs being the radius of NW
segment s. Assuming infinite confinement poten-
tial on the NW surface, roots of the Bessel function
Jn(κ
s
naρs) = 0, define values of the quantized radial
wave vector and a set of quantum numbers α = {n, a}
where n is the angular momentum quantum number and
a is the radial quantum number.
A. Nanojunction scattering model
As illustrated in Fig. 2, we consider an incident elec-
tron wave in the L-segment of radius ρL entering a nar-
rower (ρC < ρL) segment C. This wave further passes
to a narrower segment R of radius ρR and partially re-
flects back to segment L. It is assumed that the length
of the C-segment is |zR − zL| < ξe where ξe is electron
mean free path allowing us to neglect a phonon assisted
scattering. The finite size of the C-segment allows us to
account for the quantum interference between the inci-
dent and reflected electron waves.
At the boundary of segment L, the electron wave func-
tion, ΨLαo(zL), is a superposition of the incident electron
wave in an αo subband and the electron waves reflected to
3subbands designated by index α each with an amplitude
rαoα. At the R-segment boundary, the electron wave-
function describing transmitted electron states ΨRαo(zR)
is a superposition of the electron waves transmitted into
subbands described by γ each with an amplitudes tαoγ .
These wavefunctions read
ΨLαo(zL) =
∑
α
(
δαoαe
ikLαozL + rαoαe
−ikLαzL
)
|Lα〉, (4)
ΨRαo(zR) =
∑
γ
tαoγe
ikRγ zR |Rγ〉, (5)
where |Lα〉 and |Rγ〉 satisfy Eq. (3) with s = L,R, δαoα
is the Kronecker delta, and the wave vectors in the ex-
ponents are given by Eq. (2).
As outlined in Appendix A, we match the boundary
conditions for the wave functions ΨLαo(zL) and Ψ
R
αo(zR)
with the electron wave function in segment C. This re-
sults in the following block-matrix equation for the re-
flection and transmission amplitudes[
∆αo
rLαo
]
=
[
MLR11 M
LR
12
MLR21 M
LR
22
] [
tRαo
0
]
. (6)
The column on the left-hand side is a vector with the
upper Kronecker δ-block, ∆αo = [δαoα], and the lower
reflection amplitude, rLαo = [r
L
αoα], block. The column on
the right-hand side is formed from the vector tRαo = [t
R
αoγ ]
and a column of zeros, 0, of the same size as tRαo . Each
α and γ index runs within the range of Nsb subbands
participating in the scattering.
The MLR transfer matrix in Eq. (6) contains four
Nsb × Nsb blocks. According to Appendix A, the block
can be evaluated from the following block matrix product
[
MLR11 M
LR
12
MLR21 M
LR
22
]
=
1
2
[
e−iKLzL −ie−iKLzLK−1L
eiKLzL ieiKLzLK−1L
] [
Ω−1CLM
C
11ΩCR Ω
−1
CLM
C
12Ω
−1
RC
ΩLCM
C
21ΩCR ΩLCM
C
22Ω
−1
RC
] [
eiKRzR e−iKRzR
iKRe
iKRzR −iKRe−iKRzR
]
. (7)
Here, the C-segment transfer matrix blocks are MC11 =
MC22 = diag[cos{kCβ (zR− zL)}], MC12 = diag[sin{kCβ (zR−
zL)}/kCβ ], and MC21 = diag[−kCβ sin{kCβ (zR − zL)}] with
kCβ given by Eq. (2) with s = C. Blocks of the matri-
ces on the right and on the left contain KL = diag[k
L
α ],
eiKLzL = diag[eik
L
αzL ], K−1L = diag[1/k
L
α ], and e
iKRzR =
diag[eik
R
γ zR ] with the electron wavevector components de-
fined in Eq. (2). Blocks ΩCL = Ω
†
LC = [〈Cβ |Lα〉] and
ΩCR = Ω
†
RC = [〈Cβ |Rγ〉] are constructed from the ra-
dial envelope wave function overlap integrals in which
|Cβ〉 defines radial eigenstates of segment C.
According to the definition of the radial envelope func-
tion (Eq. (3)), an overlap integral between two adjacent
segments s = L,C and s′ = C,R is
Ωss
′
αβ = 〈sα|s′β〉 (8)
= NsαN
s′
β δnn′
min{ρsρs′}∫
0
dρρJn(κ
s
αρ)Jn′(κ
s′
α′ρ).
The integral vanishes for different angular momentum
states (n 6= n′), reflecting angular momentum conser-
vation due to the nanojunction axial symmetry. As a
result, we consider only the scattering processes between
subbands that have common quantum number n but var-
ious radial numbers a and a′.
Equation (6) can be viewed as two independent sets
of linear equations, MLR11 t
R
αo = ∆αo and r
L
αo = M
LR
21 t
R
αo .
Their formal solution using matrix inversion provides the
following simple representation for the transmission and
reflection amplitudes in terms of the C-segment transfer
matrix blocks
tRαo = [M
LR
11 ]
−1∆αo , (9)
rLαo = M
LR
21 [M
LR
11 ]
−1∆αo . (10)
Using transmission and reflection amplitudes, we fur-
ther introduce the transmission and reflection coefficients
T RLαoγ =
RekLα
RekLαo
∣∣tRαoγ∣∣2 , (11)
RLLαoα =
RekRγ
RekLαo
∣∣rLαoα∣∣2 , (12)
respectively. They give us probabilities for the electron
transmission and reflection by segment C and satisfy the
identity ∑
α
RLLαoα +
∑
γ
T RLαoγ = 1, (13)
expressing conservation of the quantum mechanical prob-
ability current.
Finally, we define expressions for the reflection and
transmission coefficients describing scattering of the inci-
dent electron in a subband αo of R-segment to L-segment
and reflection back to segment R. In this case, the cal-
culation of associated transmission, tLαo = [t
L
αo,γ ], and
reflection, rRαo = [r
R
αoα], amplitudes should be performed
according to Eqs. (9) and (10) where all superscripts R
and L are swapped, i.e., R  L. The transfer matrix
should be evaluated according to Eq. (7) with R L in-
cluding the transfer matrix argument. The transmission,
T RLαoγ , and reflection, RRRαoα, coefficients should be eval-
uated using Eqs. (11) and (12) with R  L. The cur-
rent conservation condition given by Eq. (13)with R L
should satisfy as well.
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z0
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FIG. 3. Schematics illustrating emission region at a NW-
vacuum interface. Incident (black) and reflected (blue) wave
functions in the NW (Eq. (14)) are shown explicitly as well
as the emitted electron wave function (red) (Eq. (15)). The
emission region, z0 ≤ z ≤ zv, characterized by the potential
barrier V (z) is treated with the help of the transfer matrix
Mα given by Eq. (19). Red dashed cylinder indicates the
extend of radial confinement potential.
B. Nanotip emission model
As illustrated in Fig. 3, an electron emission is con-
sidered in the positive z-direction via the NW emission
region extending between z0 and zv. The model assumes
that for z < z0 the surface potential is V (z) = 0, radial
confinement potential at the NW surface is infinite, and
the electron effective mass is anisotropic having trans-
verse m∗t and longitudinal m
∗
l components. Accordingly,
the radial component of the electron envelope wave func-
tion is given by Eq. (3) where for the sake of simplicity
the segment index s is dropped and the angular and ra-
dial quantum numbers α = {n, a} are determined as the
roots of Jn(καρmax) = 0 with ρmax being the NW radius.
Once the electron crosses z0, its longitudinal effective
mass changes abruptly to the vacuum electron mass, me,
and the surface potential becomes V (z) > 0 subsequently
decreasing with z (Fig. 3) until reaching zero at zv. Such
a potential decrease can be associated with an external
electric field applied in z-direction. While the electric
field lowers the surface potential V (z), it is reasonable
to assume that it has no effect on the radial confinement
potential at the interval z0 ≤ z ≤ zv and keep it infi-
nite. Such an assumption allows us to describe the elec-
tron envelope wave function using Eq. (3) with the set
of quantum numbers α at the interval z0 < z < zv. The
confinement potential can further be set to zero at some
point zv . z and electron diffraction outside this region
introduced.
To find electron emission probability, the scattering
theory approach is applied. The NW electron wave func-
tion Ψα(z0) at the entrence to the emission region, z0, is a
superposition of the incident and reflected plane electron
waves. Each wave is weighted with the confined radial
state |α〉 satisfying Eq. (3). The electron wave function
Ψvα(zv) exiting the emission region at zv is also a plane
wave weighted with the same envelope wave function |α〉
due to the presence of the radial confinement potential.
Accordingly,
Ψα(z0) = e
ikαz0 |α〉+ rαe−ikαz0 |α〉, (14)
Ψvα(zv) = tαe
ikvαzv |α〉, (15)
with rα and tα being the emission region reflection and
transmission amplitudes, respectively. The longitudinal
electron wavevector, kα, is given by Eq. (2) with the su-
perscript s dropped for the sake of simpilisity. The emit-
ted electron longitudinal wavevector reads
kvα =
√
2me
~2
E − κ2α. (16)
Notice that Eq. (16) depends on the electron mass in
vacuum, me, and the total electron energy, E. Since the
energy is conserved during the scattering process, it can
be evaluated from Eq. (2) as
E =
~2k2α
2ml
+
~2κ2α
2m∗t
. (17)
Appendix B outlines some details on matching the
boundary conditions at z0 and zv for the wavefunctions
in Eqs. (14) and (15) using the transfer matrix formalism.
This calculation results in the following matrix equation[
1
rα
]
=
[
Mα11 M
α
12
Mα21 M
α
22
] [
tα
0
]
, (18)
for the reflection and transmission amplitudes at z0 and
zv, respectively. The 2×2 transfer matrix describing the
emission region is
[
Mα11 M
α
12
Mα21 M
α
22
]
=
1
2
[
e−ikαz0 −i(m∗l /me)e−ikαz0/kα
eikαz0 i(m∗l /me)e
ikαz0/kα
] [Mα11 Mα12
Mα21 Mα22
] [
eik
v
αzv e−ikαzv
ikvαe
ikvαzv −ikvαe−ik
v
αzv
]
, (19)
and depends on the transfer matrix[Mα11 Mα12
Mα21 Mα22
]
=
∏
j
[
cos[kjα(zj − zj+1)] sin[kjα(zj − zj+1)]/kjα
−kjα sin[kjα(zj − zj+1)] cos[kjα(zj − zj+1)]
]
, (20)
associated with the surface potential V (z). Here, the ma-
trix product runs over small intervals along z-direction
numerated by index j. Within each of these intervals,
the surface potential is approximated by a rectangular
5potential barrier of a height V (zj). The longitudinal mo-
mentum entering Eq. (20) is
kjα =
√
2me
~2
[E − V (zj)]− κ2α, (21)
with the total energy E provided in Eq. (17).
Solving Eq. (18) for the transmission and reflection
amplitudes
tα = 1/M
α
11, (22)
rα = M
α
21/M
α
11, (23)
we further introduce the transmission and reflection co-
efficients
Tα = k
v
α
Rekα
m∗l
me
|tα|2 , (24)
Rα = |rα|2 , (25)
describing electron emission and reflection probabilities.
They satisfy the quantum mechanical current conserva-
tion condition
Rα + Tα = 1. (26)
III. ANALYSIS OF SCATTERING AND
EMISSION PROCESSES
This section presents numerical analysis of the electron
scattering at a stand along nanojunction (Fig. 2) and
the electron emission from a stand along NW segment
(Fig. 3). The NWs are assumed to be made of diamond
crystalline structures with the [100] valley aligned along
z-direction. The nanojunction is set to have the radii
ρL = 3 nm, ρC = 2.5 nm, and ρR = 2 nm and the
lengths of C-segment zR−zL = 0.5 nm. We further chose
the radius of NW segment participating in the electron
emission to be ρmax = ρR = 2 nm to set the stage for
the simulations discussed in Sec. IV.
The effective mass in the z-direction is identified as
longitudinal and set to the bulk value m∗l = 1.4me. In
the transverse direction, the effective mass is also set
to its bulk value m∗t = 0.36me.
29 Notice that for the
adopted radii of the NW segments, the anisotropy and
nonparabolicity of the bulk conduction band can affect
the values of the quantized subband effective masses.35
For the proof of principle calculations discussed below it
is enough to use the bulk values. However, precise device
modeling will require to account for the size quantization
corrections to the bulk effective masses.
A convenient shorthand notation α was introduced in
Sec. II to denote a set of angular and radial quantum
numbers {n, a} that designate quantized electron sub-
bands in NW segments. Below, specific values of these
quantum numbers will be considered. Therefore, all ex-
pressions containing these quantities will show their ex-
plicit rather than the shorthand representation.
We start with Fig. 4 presenting calculated values of the
quantized energy minima, ~2κ2na/2m∗t , associated with
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n = 1
<latexit sha1_base64="OkmIvJAs6fJAvyVP7h5f5XO+iRo=">AAACsXicbVHLbtQwFPWEVxkebWHJxmKKVKRhlNBWZYOoxAJWqAimLZqMiuPcZKyJ7ci+6RBZ+QS2wJ7v 4QPY8Sk4mVkwLVeyfXTOvb6vpCyExTD83QuuXb9x89bG7f6du/fub25tPzixujIcxlwX2pwlzEIhFIxRYAFnpQEmkwJOk/nrVj+9AGOFVh+xLmEqWa5EJjhDT31QL6PzrUE4CjujV0G0AoNXv8qffwghx+fbvR9xqnklQSEvmLWTKCxx6phBwQto+nFloWR8znKYeKiYBDt1Xa0NfeKZlGba+KOQduy/EY5Ja2uZeE/JcGYvay05TOT/5EmF2YupE6qsEBRf 5sqqgqKmbe80FQY4FrUHjBvhy6V8xgzj6CfUjxUsuJaSqdTFadq4WLeTA3Qxwhd0NEaharoTF5ChEfkMmTF6sdM0PtM7WNBVcNdcWrPUf+/rsNpYupv4EhfMpM+82L60i33aj1PI/Oq6MThZK3ZRN87kSeP8CobhKNr3195hs+6Y5wZArTkeDMOm73cZXd7cVXDyfBR5/D4cHL0hS9sgj8hjsksickiOyFtyTMaEk5x8Jd/I92Av+BR8DpKla9BbxTwkaxb M/wJq2dg5</latexit><latexit sha1_base64="ATiTBKquk++C2bgN6v6sn3EdkMU=">AAACsXicbVHLbtQwFPWEVwmPtrBkYzFFKtIwSiiobCoqsYAVKoJpiyaj4jg3GWtiO9g3HSIrn8AW2PM9 rBF/gyczC6blSraPzrnX95VWpbAYRX96wZWr167f2LgZ3rp95+7m1va9Y6trw2HEdanNacoslELBCAWWcFoZYDIt4SSdvVroJ+dgrNDqAzYVTCQrlMgFZ+ip9+ogPtvqR8OoM3oZxCvQf/mr+vk7PPh8dLbd+5FkmtcSFPKSWTuOowonjhkUvIQ2TGoLFeMzVsDYQ8Uk2Inram3pI89kNNfGH4W0Y/+NcExa28jUe0qGU3tRW5CDVP5PHteYv5g4oaoaQfFl rrwuKWq66J1mwgDHsvGAcSN8uZRPmWEc/YTCRMGcaymZylySZa1L9GJygC5B+IKOJihUQ3eSEnI0opgiM0bPd9rWZ3oLc7oK7prLGpb5730dVhtLd1Nf4pyZ7IkXFy/tYh+HSQa5X103Bicbxc6b1pkibZ1fwSAaxs/8tbffrjsWhQFQa47PB1Eb+l3GFzd3GRw/HcYev4v6h6/J0jbIA/KQ7JKY7JND8oYckRHhpCBfyTfyPdgLPgafgnTpGvRWMffJmgW zv9xC2Og=</latexit><latexit sha1_base64="ATiTBKquk++C2bgN6v6sn3EdkMU=">AAACsXicbVHLbtQwFPWEVwmPtrBkYzFFKtIwSiiobCoqsYAVKoJpiyaj4jg3GWtiO9g3HSIrn8AW2PM9 rBF/gyczC6blSraPzrnX95VWpbAYRX96wZWr167f2LgZ3rp95+7m1va9Y6trw2HEdanNacoslELBCAWWcFoZYDIt4SSdvVroJ+dgrNDqAzYVTCQrlMgFZ+ip9+ogPtvqR8OoM3oZxCvQf/mr+vk7PPh8dLbd+5FkmtcSFPKSWTuOowonjhkUvIQ2TGoLFeMzVsDYQ8Uk2Inram3pI89kNNfGH4W0Y/+NcExa28jUe0qGU3tRW5CDVP5PHteYv5g4oaoaQfFl rrwuKWq66J1mwgDHsvGAcSN8uZRPmWEc/YTCRMGcaymZylySZa1L9GJygC5B+IKOJihUQ3eSEnI0opgiM0bPd9rWZ3oLc7oK7prLGpb5730dVhtLd1Nf4pyZ7IkXFy/tYh+HSQa5X103Bicbxc6b1pkibZ1fwSAaxs/8tbffrjsWhQFQa47PB1Eb+l3GFzd3GRw/HcYev4v6h6/J0jbIA/KQ7JKY7JND8oYckRHhpCBfyTfyPdgLPgafgnTpGvRWMffJmgW zv9xC2Og=</latexit><latexit sha1_base64="ByrG4X4rFkzwm5p5dQtfz4zEb5c=">AAACsXicbVFLb9QwEPaGVwmPtnDkYrFFKtKySiioXJAqcYATKoJtizar4jiTrLWxHdmTLpGVn8AV+Gv8 G5w0B7ZlJNufZr7xPL60KoXFKPozCm7cvHX7ztbd8N79Bw+3d3YfnVhdGw4zrkttzlJmoRQKZiiwhLPKAJNpCafp6l0XP70AY4VWX7CpYCFZoUQuOEPv+qzexuc742ga9Uavg3gAYzLY8fnu6HeSaV5LUMhLZu08jipcOGZQ8BLaMKktVIyvWAFzDxWTYBeu77Wlz7wno7k2/iikvfffDMektY1MPVMyXNqrsc45SeX/wvMa8zcLJ1RVIyh+WSuvS4qadrPT TBjgWDYeMG6Eb5fyJTOMo99QmChYcy0lU5lLsqx1ie42B+gShO/oaIJCNXQvKSFHI4olMmP0eq9tfaWPsKZDcj9c1rDMf+/7sNpYup/6FtfMZC98sHtpn/s8TDLIvXT9GpxsFLtoWmeKtHVegkk0jV/56+Cw3SQWhQFQG8TXk6gNvZbxVeWug5OX09jjT9H46P2g6hZ5Qp6SfRKTQ3JEPpBjMiOcFOQH+Ul+BQfB1+BbkF5Sg9GQ85hsWLD6Cwq41To=</l atexit>
n = 2
<latexit sha1_base64="8isfbVfyuDxGU1dvnTUdtOD1klU=">AAACsXicbVHLbtQwFPWEVwmvtizZWEyRijSMkhbUbhCVWMAKFcG0RZNRcZybjDWxHdk3HSIrn8AW2PM9fA A7PgVPZhZMy5VsH51zr+8rrUphMYp+94Jr12/cvLVxO7xz9979B5tb2ydW14bDiOtSm7OUWSiFghEKLOGsMsBkWsJpOnu90E8vwFih1UdsKphIViiRC87QUx/Uy73zzX40jDqjV0G8Av1Xv6qffwghx+dbvR9JpnktQSEvmbXjOKpw4phBwUtow6S2UDE+YwWMPVRMgp24rtaWPvFMRnNt/FFIO/bfCMektY1MvadkOLWXtQU5SOX/5HGN+eHECVXVCIovc+V1 SVHTRe80EwY4lo0HjBvhy6V8ygzj6CcUJgrmXEvJVOaSLGtdoheTA3QJwhd0NEGhGrqTlJCjEcUUmTF6vtO2PtM7mNNVcNdc1rDMf+/rsNpYupv6EufMZM+8uHhpF/s0TDLI/eq6MTjZKHbRtM4Uaev8CgbRMH7ur/2Ddt2xKAyAWnN8MYja0O8yvry5q+Bkbxh7/D7qH70hS9sgj8hjsktickCOyFtyTEaEk4J8Jd/I92A/+BR8DtKla9BbxTwkaxbM/gJtJN g6</latexit><latexit sha1_base64="JqBP4DrgV+Yd/Uq4uIOQrIfjWj8=">AAACsXicbVHLbtQwFPWEVwmvFpZsLKZIRRpGSQsqm4pKLGCFimDaosmoOM5NxprYDvZNh8jKJ7AF9nwPa8 Tf4MnMgmm5ku2jc+71faVVKSxG0Z9ecOXqtes3Nm6Gt27fuXtvc+v+sdW14TDiutTmNGUWSqFghAJLOK0MMJmWcJLOXi30k3MwVmj1AZsKJpIVSuSCM/TUe3Wwe7bZj4ZRZ/QyiFeg//JX9fN3ePD56Gyr9yPJNK8lKOQls3YcRxVOHDMoeAltmNQWKsZnrICxh4pJsBPX1drSx57JaK6NPwppx/4b4Zi0tpGp95QMp/aitiAHqfyfPK4xfzFxQlU1guLLXHld UtR00TvNhAGOZeMB40b4cimfMsM4+gmFiYI511Iylbkky1qX6MXkAF2C8AUdTVCohm4nJeRoRDFFZoyeb7etz/QW5nQV3DWXNSzz3/s6rDaW7qS+xDkz2VMvLl7axT4Jkwxyv7puDE42ip03rTNF2jq/gkE0jJ/5a2+/XXcsCgOg1hyfD6I29LuML27uMjjeHcYev4v6h6/J0jbIQ/KI7JCY7JND8oYckRHhpCBfyTfyPdgLPgafgnTpGvRWMQ/ImgWzv96N2O k=</latexit><latexit sha1_base64="JqBP4DrgV+Yd/Uq4uIOQrIfjWj8=">AAACsXicbVHLbtQwFPWEVwmvFpZsLKZIRRpGSQsqm4pKLGCFimDaosmoOM5NxprYDvZNh8jKJ7AF9nwPa8 Tf4MnMgmm5ku2jc+71faVVKSxG0Z9ecOXqtes3Nm6Gt27fuXtvc+v+sdW14TDiutTmNGUWSqFghAJLOK0MMJmWcJLOXi30k3MwVmj1AZsKJpIVSuSCM/TUe3Wwe7bZj4ZRZ/QyiFeg//JX9fN3ePD56Gyr9yPJNK8lKOQls3YcRxVOHDMoeAltmNQWKsZnrICxh4pJsBPX1drSx57JaK6NPwppx/4b4Zi0tpGp95QMp/aitiAHqfyfPK4xfzFxQlU1guLLXHld UtR00TvNhAGOZeMB40b4cimfMsM4+gmFiYI511Iylbkky1qX6MXkAF2C8AUdTVCohm4nJeRoRDFFZoyeb7etz/QW5nQV3DWXNSzz3/s6rDaW7qS+xDkz2VMvLl7axT4Jkwxyv7puDE42ip03rTNF2jq/gkE0jJ/5a2+/XXcsCgOg1hyfD6I29LuML27uMjjeHcYev4v6h6/J0jbIQ/KI7JCY7JND8oYckRHhpCBfyTfyPdgLPgafgnTpGvRWMQ/ImgWzv96N2O k=</latexit><latexit sha1_base64="oWtkGB2mHlHNWc6/MWIRJqZQksI=">AAACsXicbVFLb9QwEPaGVwmvFo5cLLZIRVpWSQsqF6RKHOCEimDbos2qOM4ka21sR/akS2TlJ3AF/hr/Bi fNgW0ZyfanmW88jy+tSmExiv6Mghs3b92+s3U3vHf/wcNH2zuPT6yuDYcZ16U2ZymzUAoFMxRYwlllgMm0hNN09a6Ln16AsUKrL9hUsJCsUCIXnKF3fVZv98+3x9E06o1eB/EAxmSw4/Od0e8k07yWoJCXzNp5HFW4cMyg4CW0YVJbqBhfsQLmHiomwS5c32tLn3tPRnNt/FFIe++/GY5JaxuZeqZkuLRXY51zksr/hec15m8WTqiqRlD8slZelxQ17WanmTDA sWw8YNwI3y7lS2YYR7+hMFGw5lpKpjKXZFnrEt1tDtAlCN/R0QSFauhuUkKORhRLZMbo9W7b+kofYU2H5H64rGGZ/973YbWxdC/1La6ZyV76YPfSPvdFmGSQe+n6NTjZKHbRtM4Uaeu8BJNoGr/y18Fhu0ksCgOgNoivJ1Ebei3jq8pdByf709jjT9H46P2g6hZ5Sp6RPRKTQ3JEPpBjMiOcFOQH+Ul+BQfB1+BbkF5Sg9GQ84RsWLD6Cw0D1Ts=</latexit> n = 3
<latexit sha1_base64="L0o1Lfdc9+owi7KytojZe04LRYY=">AAACsXicbVHLbhMxFHWGVwmPtrBkY5EiFSlEMwRUNohKLGCFiiBtUSYqHs+diZWxPbLvNIys+QS2wJ7v4Q PY8Sl4JlmQlivZPjrnXt9XUhbCYhj+7gVXrl67fmPrZv/W7Tt3t3d27x1bXRkOE64LbU4TZqEQCiYosIDT0gCTSQEnyeJ1q5+cg7FCq49YlzCTLFciE5yhpz6ol+OznUE4Cjujl0G0BoNXv8qffwghR2e7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWR8wXKYeqiYBDtzXa0NfeSZlGba+KOQduy/EY5Ja2uZeE/JcG4vai05TOT/5GmF2YuZE6qsEBRf5cqq gqKmbe80FQY4FrUHjBvhy6V8zgzj6CfUjxUsuZaSqdTFadq4WLeTA3Qxwhd0NEaharoXF5ChEfkcmTF6udc0PtM7WNJ1cNdcWrPUf+/rsNpYup/4EpfMpE+82L60i33cj1PI/Oq6MThZK3ZeN87kSeP8CobhKHrmr/FBs+mY5wZAbTg+H4ZN3+8yuri5y+D46Sjy+H04OHxDVrZFHpCHZJ9E5IAckrfkiEwIJzn5Sr6R78E4+BR8DpKVa9Bbx9wnGxYs/gJvb9 g7</latexit><latexit sha1_base64="ubOR0kG8KrsJrNDs20HGPXLFJEU=">AAACsXicbVHLbtQwFPWEVwmPtrBkYzFFKtJQJQyobCoqsYAVKoJpiyaj4jg3GWtiO9g3HSIrn8AW2PM9rB F/gyczC6blSraPzrnX95VWpbAYRX96wZWr167f2LgZ3rp95+7m1va9Y6trw2HEdanNacoslELBCAWWcFoZYDIt4SSdvVroJ+dgrNDqAzYVTCQrlMgFZ+ip9+pgeLbVj/aizuhlEK9A/+Wv6ufv8ODz0dl270eSaV5LUMhLZu04jiqcOGZQ8BLaMKktVIzPWAFjDxWTYCeuq7WljzyT0VwbfxTSjv03wjFpbSNT7ykZTu1FbUEOUvk/eVxj/mLihKpqBMWXufK6 pKjponeaCQMcy8YDxo3w5VI+ZYZx9BMKEwVzrqVkKnNJlrUu0YvJAboE4Qs6mqBQDd1JSsjRiGKKzBg932lbn+ktzOkquGsua1jmv/d1WG0s3U19iXNmsideXLy0i30cJhnkfnXdGJxsFDtvWmeKtHV+BYNoL37mr+F+u+5YFAZArTk+H0Rt6HcZX9zcZXD8dC/2+F3UP3xNlrZBHpCHZJfEZJ8ckjfkiIwIJwX5Sr6R78Ew+Bh8CtKla9BbxdwnaxbM/gLg2N jq</latexit><latexit sha1_base64="ubOR0kG8KrsJrNDs20HGPXLFJEU=">AAACsXicbVHLbtQwFPWEVwmPtrBkYzFFKtJQJQyobCoqsYAVKoJpiyaj4jg3GWtiO9g3HSIrn8AW2PM9rB F/gyczC6blSraPzrnX95VWpbAYRX96wZWr167f2LgZ3rp95+7m1va9Y6trw2HEdanNacoslELBCAWWcFoZYDIt4SSdvVroJ+dgrNDqAzYVTCQrlMgFZ+ip9+pgeLbVj/aizuhlEK9A/+Wv6ufv8ODz0dl270eSaV5LUMhLZu04jiqcOGZQ8BLaMKktVIzPWAFjDxWTYCeuq7WljzyT0VwbfxTSjv03wjFpbSNT7ykZTu1FbUEOUvk/eVxj/mLihKpqBMWXufK6 pKjponeaCQMcy8YDxo3w5VI+ZYZx9BMKEwVzrqVkKnNJlrUu0YvJAboE4Qs6mqBQDd1JSsjRiGKKzBg932lbn+ktzOkquGsua1jmv/d1WG0s3U19iXNmsideXLy0i30cJhnkfnXdGJxsFDtvWmeKtHV+BYNoL37mr+F+u+5YFAZArTk+H0Rt6HcZX9zcZXD8dC/2+F3UP3xNlrZBHpCHZJfEZJ8ckjfkiIwIJwX5Sr6R78Ew+Bh8CtKla9BbxdwnaxbM/gLg2N jq</latexit><latexit sha1_base64="DbR6+3WS7OKzsAl3IlFrLd3Tt64=">AAACsXicbVFLb9QwEPaGV1kefXDkYrFFKtKySlhQe0GqxAFOqAi2LdqsiuNMstbGdmRPukRWfgJX4K/xb3 DSHNiWkWx/mvnG8/iSshAWw/DPILh1+87de1v3hw8ePnq8vbO7d2p1ZTjMuC60OU+YhUIomKHAAs5LA0wmBZwlq3dt/OwSjBVafcG6hIVkuRKZ4Ay967N6O73YGYWTsDN6E0Q9GJHeTi52B7/jVPNKgkJeMGvnUVjiwjGDghfQDOPKQsn4iuUw91AxCXbhul4b+tx7Uppp449C2nn/zXBMWlvLxDMlw6W9Hmud40T+LzyvMDtaOKHKCkHxq1pZVVDUtJ2dpsIA x6L2gHEjfLuUL5lhHP2GhrGCNddSMpW6OE0bF+t2c4AuRviOjsYoVE334wIyNCJfIjNGr/ebxlf6CGvaJ3fDpTVL/fe+D6uNpQeJb3HNTPrSB9uXdrkvhnEKmZeuW4OTtWKXdeNMnjTOSzAOJ9Frf00Pm01inhsAtUF8Mw6bodcyuq7cTXD6ahJ5/CkcHb/vVd0iT8kzckAickiOyQdyQmaEk5z8ID/Jr2AafA2+BckVNRj0OU/IhgWrvw9O1Tw=</latexit>
n = 4
<latexit sha1_base64="ixh0qquH25vRN6XbmQewfSv0UGM=">AAACsXicbVHLbtQwFPWEVwmvtizZWEyRijSMElrUbhCVWMAKFcG0RZNRcZybjDWxHdk3HSIrn8AW2PM9 fAA7PgVPZhZMy5VsH51zr+8rrUphMYp+94Jr12/cvLVxO7xz9979B5tb2ydW14bDiOtSm7OUWSiFghEKLOGsMsBkWsJpOnu90E8vwFih1UdsKphIViiRC87QUx/Uy/3zzX40jDqjV0G8Av1Xv6qffwghx+dbvR9JpnktQSEvmbXjOKpw4phBwUtow6S2UDE+YwWMPVRMgp24rtaWPvFMRnNt/FFIO/bfCMektY1MvadkOLWXtQU5SOX/5HGN+eHECVXVCIov c+V1SVHTRe80EwY4lo0HjBvhy6V8ygzj6CcUJgrmXEvJVOaSLGtdoheTA3QJwhd0NEGhGrqTlJCjEcUUmTF6vtO2PtM7mNNVcNdc1rDMf+/rsNpYupv6EufMZM+8uHhpF/s0TDLI/eq6MTjZKHbRtM4Uaev8CgbRMN73195Bu+5YFAZArTm+GERt6HcZX97cVXDyfBh7/D7qH70hS9sgj8hjsktickCOyFtyTEaEk4J8Jd/I92Av+BR8DtKla9BbxTwkaxb M/gJxutg8</latexit><latexit sha1_base64="10dWQSqCLLMUjHzYyEzbPGHoNRo=">AAACsXicbVHLbtQwFPWEVwmvFpZsLKZIRRpGCS0qm4pKLGCFimDaosmoOM5NxprYDvZNh8jKJ7AF9nwP a8Tf4MnMgmm5ku2jc+71faVVKSxG0Z9ecOXqtes3Nm6Gt27fuXtvc+v+sdW14TDiutTmNGUWSqFghAJLOK0MMJmWcJLOXi30k3MwVmj1AZsKJpIVSuSCM/TUe3Wwd7bZj4ZRZ/QyiFeg//JX9fN3ePD56Gyr9yPJNK8lKOQls3YcRxVOHDMoeAltmNQWKsZnrICxh4pJsBPX1drSx57JaK6NPwppx/4b4Zi0tpGp95QMp/aitiAHqfyfPK4xfzFxQlU1guLL XHldUtR00TvNhAGOZeMB40b4cimfMsM4+gmFiYI511Iylbkky1qX6MXkAF2C8AUdTVCohm4nJeRoRDFFZoyeb7etz/QW5nQV3DWXNSzz3/s6rDaW7qS+xDkz2VMvLl7axT4Jkwxyv7puDE42ip03rTNF2jq/gkE0jPf8tbvfrjsWhQFQa47PB1Eb+l3GFzd3GRw/G8Yev4v6h6/J0jbIQ/KI7JCY7JND8oYckRHhpCBfyTfyPdgNPgafgnTpGvRWMQ/ImgW zv+Mj2Os=</latexit><latexit sha1_base64="10dWQSqCLLMUjHzYyEzbPGHoNRo=">AAACsXicbVHLbtQwFPWEVwmvFpZsLKZIRRpGCS0qm4pKLGCFimDaosmoOM5NxprYDvZNh8jKJ7AF9nwP a8Tf4MnMgmm5ku2jc+71faVVKSxG0Z9ecOXqtes3Nm6Gt27fuXtvc+v+sdW14TDiutTmNGUWSqFghAJLOK0MMJmWcJLOXi30k3MwVmj1AZsKJpIVSuSCM/TUe3Wwd7bZj4ZRZ/QyiFeg//JX9fN3ePD56Gyr9yPJNK8lKOQls3YcRxVOHDMoeAltmNQWKsZnrICxh4pJsBPX1drSx57JaK6NPwppx/4b4Zi0tpGp95QMp/aitiAHqfyfPK4xfzFxQlU1guLL XHldUtR00TvNhAGOZeMB40b4cimfMsM4+gmFiYI511Iylbkky1qX6MXkAF2C8AUdTVCohm4nJeRoRDFFZoyeb7etz/QW5nQV3DWXNSzz3/s6rDaW7qS+xDkz2VMvLl7axT4Jkwxyv7puDE42ip03rTNF2jq/gkE0jPf8tbvfrjsWhQFQa47PB1Eb+l3GFzd3GRw/G8Yev4v6h6/J0jbIQ/KI7JCY7JND8oYckRHhpCBfyTfyPdgNPgafgnTpGvRWMQ/ImgW zv+Mj2Os=</latexit><latexit sha1_base64="273wWCxYrgpp8Ht1/kZDjxpp98E=">AAACsXicbVFLb9QwEPaGVwmvFo5cLLZIRVpWCS0qF6RKHOCEimDbos2qOM4ka21sR/akS2TlJ3AF/hr/ BifNgW0ZyfanmW88jy+tSmExiv6Mghs3b92+s3U3vHf/wcNH2zuPT6yuDYcZ16U2ZymzUAoFMxRYwlllgMm0hNN09a6Ln16AsUKrL9hUsJCsUCIXnKF3fVZvD863x9E06o1eB/EAxmSw4/Od0e8k07yWoJCXzNp5HFW4cMyg4CW0YVJbqBhfsQLmHiomwS5c32tLn3tPRnNt/FFIe++/GY5JaxuZeqZkuLRXY51zksr/hec15m8WTqiqRlD8slZelxQ17Wan mTDAsWw8YNwI3y7lS2YYR7+hMFGw5lpKpjKXZFnrEt1tDtAlCN/R0QSFauhuUkKORhRLZMbo9W7b+kofYU2H5H64rGGZ/973YbWxdC/1La6ZyV76YPfSPvdFmGSQe+n6NTjZKHbRtM4Uaeu8BJNoGh/4a/+w3SQWhQFQG8TXk6gNvZbxVeWug5NX09jjT9H46P2g6hZ5Sp6RPRKTQ3JEPpBjMiOcFOQH+Ul+BfvB1+BbkF5Sg9GQ84RsWLD6CxGZ1T0=</l atexit>
n = 5
<latexit sha1_base64="WpuTafIxUOBQPVRCmG/TPTZqfTI=">AAACsXicbVHLbtQwFPWEVwmvtizZWEyRijSMEkrVbhCVWMAKFcG0RZNRcZybjDWxHdk3HSIrn8AW2PM9fA A7PgVPZhZMy5VsH51zr+8rrUphMYp+94Jr12/cvLVxO7xz9979B5tb2ydW14bDiOtSm7OUWSiFghEKLOGsMsBkWsJpOnu90E8vwFih1UdsKphIViiRC87QUx/Uy/3zzX40jDqjV0G8Av1Xv6qffwghx+dbvR9JpnktQSEvmbXjOKpw4phBwUtow6S2UDE+YwWMPVRMgp24rtaWPvFMRnNt/FFIO/bfCMektY1MvadkOLWXtQU5SOX/5HGN+eHECVXVCIovc+V1 SVHTRe80EwY4lo0HjBvhy6V8ygzj6CcUJgrmXEvJVOaSLGtdoheTA3QJwhd0NEGhGrqTlJCjEcUUmTF6vtO2PtM7mNNVcNdc1rDMf+/rsNpYupv6EufMZM+8uHhpF/s0TDLI/eq6MTjZKHbRtM4Uaev8CgbRMH7hr72Ddt2xKAyAWnPcH0Rt6HcZX97cVXDyfBh7/D7qH70hS9sgj8hjsktickCOyFtyTEaEk4J8Jd/I92Av+BR8DtKla9BbxTwkaxbM/gJ0Bd g9</latexit><latexit sha1_base64="b5b/j17J8VBZrtHZyOu6sCexjno=">AAACsXicbVHLbtQwFPWEVwmvFpZsLKZIRRpGCaUqm4pKLGCFimDaosmoOM5NxprYDvZNh8jKJ7AF9nwPa8 Tf4MnMgmm5ku2jc+71faVVKSxG0Z9ecOXqtes3Nm6Gt27fuXtvc+v+sdW14TDiutTmNGUWSqFghAJLOK0MMJmWcJLOXi30k3MwVmj1AZsKJpIVSuSCM/TUe3Wwd7bZj4ZRZ/QyiFeg//JX9fN3ePD56Gyr9yPJNK8lKOQls3YcRxVOHDMoeAltmNQWKsZnrICxh4pJsBPX1drSx57JaK6NPwppx/4b4Zi0tpGp95QMp/aitiAHqfyfPK4xfzFxQlU1guLLXHld UtR00TvNhAGOZeMB40b4cimfMsM4+gmFiYI511Iylbkky1qX6MXkAF2C8AUdTVCohm4nJeRoRDFFZoyeb7etz/QW5nQV3DWXNSzz3/s6rDaW7qS+xDkz2VMvLl7axT4Jkwxyv7puDE42ip03rTNF2jq/gkE0jJ/7a3e/XXcsCgOg1hz3BlEb+l3GFzd3GRw/G8Yev4v6h6/J0jbIQ/KI7JCY7JND8oYckRHhpCBfyTfyPdgNPgafgnTpGvRWMQ/ImgWzv+Vu2O w=</latexit><latexit sha1_base64="b5b/j17J8VBZrtHZyOu6sCexjno=">AAACsXicbVHLbtQwFPWEVwmvFpZsLKZIRRpGCaUqm4pKLGCFimDaosmoOM5NxprYDvZNh8jKJ7AF9nwPa8 Tf4MnMgmm5ku2jc+71faVVKSxG0Z9ecOXqtes3Nm6Gt27fuXtvc+v+sdW14TDiutTmNGUWSqFghAJLOK0MMJmWcJLOXi30k3MwVmj1AZsKJpIVSuSCM/TUe3Wwd7bZj4ZRZ/QyiFeg//JX9fN3ePD56Gyr9yPJNK8lKOQls3YcRxVOHDMoeAltmNQWKsZnrICxh4pJsBPX1drSx57JaK6NPwppx/4b4Zi0tpGp95QMp/aitiAHqfyfPK4xfzFxQlU1guLLXHld UtR00TvNhAGOZeMB40b4cimfMsM4+gmFiYI511Iylbkky1qX6MXkAF2C8AUdTVCohm4nJeRoRDFFZoyeb7etz/QW5nQV3DWXNSzz3/s6rDaW7qS+xDkz2VMvLl7axT4Jkwxyv7puDE42ip03rTNF2jq/gkE0jJ/7a3e/XXcsCgOg1hz3BlEb+l3GFzd3GRw/G8Yev4v6h6/J0jbIQ/KI7JCY7JND8oYckRHhpCBfyTfyPdgNPgafgnTpGvRWMQ/ImgWzv+Vu2O w=</latexit><latexit sha1_base64="ZeTe2Ifiab5HMmjWSJRhg8Rd4zE=">AAACsXicbVFLb9QwEPaGVwmvFo5cLLZIRVpWCaUqF6RKHOCEimDbos2qOM4ka21sR/akS2TlJ3AF/hr/Bi fNgW0ZyfanmW88jy+tSmExiv6Mghs3b92+s3U3vHf/wcNH2zuPT6yuDYcZ16U2ZymzUAoFMxRYwlllgMm0hNN09a6Ln16AsUKrL9hUsJCsUCIXnKF3fVZvD863x9E06o1eB/EAxmSw4/Od0e8k07yWoJCXzNp5HFW4cMyg4CW0YVJbqBhfsQLmHiomwS5c32tLn3tPRnNt/FFIe++/GY5JaxuZeqZkuLRXY51zksr/hec15m8WTqiqRlD8slZelxQ17WanmTDA sWw8YNwI3y7lS2YYR7+hMFGw5lpKpjKXZFnrEt1tDtAlCN/R0QSFauhuUkKORhRLZMbo9W7b+kofYU2H5H64rGGZ/973YbWxdC/1La6ZyV76YPfSPvdFmGSQe+n6NTjZKHbRtM4Uaeu8BJNoGr/21/5hu0ksCgOgNogHk6gNvZbxVeWug5NX09jjT9H46P2g6hZ5Sp6RPRKTQ3JEPpBjMiOcFOQH+Ul+BfvB1+BbkF5Sg9GQ84RsWLD6CxPk1T4=</latexit>
a
<latexit sha1_base64="CsbWRT8eVFv8ljLhcXVffbP+MS0=">AAACr3icbVHLbtQwFPWEVwmPtrBkYzFFKtIwSnio7KjEpivUIqZTaTIUx7nJWI3tyL7pEFn5ArYg8Sl8BXv+Bi czC6blSraPzrnX95VWpbAYRX8GwY2bt27f2bob3rv/4OH2zu6jU6trw2HCdanNWcoslELBBAWWcFYZYDItYZpevO/06SUYK7T6hE0Fc8kKJXLBGXrqhJ3vDKNx1Bu9DuI1GL77/esj8XZ8vjv4mWSa1xIU8pJZO4ujCueOGRS8hDZMagsV4xesgJmHikmwc9dX2tJnnsloro0/CmnP/hvhmLS2kan3lAwX9qrWkaNU/k+e1Zi/nTuhqhpB8VWuvC4patp1TjNhgGPZeMC4Eb 5cyhfMMI5+PmGiYMm1lExlLsmy1iW6mxugSxC+oqMJCtXQvaSEHI0oFsiM0cu9tvWZPsCSroP75rKGZf57X4fVxtL91Je4ZCZ74cXupX3s8zDJIPeL68fgZKPYZdM6U6St8ysYReP4tb9eHbSbjkVhANSG45tR1IZ+l/HVzV0Hpy/Hsccn0fDwiKxsizwhT8k+ickBOSRH5JhMCCdAvpHv5EcQB9Pgc/Bl5RoM1jGPyYYF4i8YqdbD</latexit><latexit sha1_base64="NJg9n1h6BV7l32KaV81OnmS4ySE=">AAACr3icbVHLbtQwFPWEVxleLSyRkMUUqUjDKOGhsqMSm65QR2I6lSZDcZybjNXYjuybDpGVJSu2IPEp/Qr2fA M/gZOZBdNyJdtH59zr+0rKQlgMw9+94Nr1Gzdvbd3u37l77/6D7Z2Hx1ZXhsOE60Kbk4RZKISCCQos4KQ0wGRSwDQ5e9/q03MwVmj1EesS5pLlSmSCM/TUmJ1uD8JR2Bm9CqI1GLz7dTH+8/XJxdHpTu9nnGpeSVDIC2btLApLnDtmUPACmn5cWSgZP2M5zDxUTIKdu67Shj7zTEozbfxRSDv23wjHpLW1TLynZLiwl7WWHCbyf/Kswuzt3AlVVgiKr3JlVUFR07ZzmgoDHI vaA8aN8OVSvmCGcfTz6ccKllxLyVTq4jRtXKzbuQG6GOELOhqjUDXdjQvI0Ih8gcwYvdxtGp/pAyzpOrhrLq1Z6r/3dVhtLN1LfIlLZtIXXmxf2sU+78cpZH5x3RicrBU7rxtn8qRxfgXDcBS99ter/WbTMc8NgNpwfDMMm77fZXR5c1fB8ctR5PE4HBwckpVtkcfkKdkjEdknB+SQHJEJ4QTIN/Kd/AiiYBp8Cj6vXIPeOuYR2bBA/AXmVtkI</latexit><latexit sha1_base64="NJg9n1h6BV7l32KaV81OnmS4ySE=">AAACr3icbVHLbtQwFPWEVxleLSyRkMUUqUjDKOGhsqMSm65QR2I6lSZDcZybjNXYjuybDpGVJSu2IPEp/Qr2fA M/gZOZBdNyJdtH59zr+0rKQlgMw9+94Nr1Gzdvbd3u37l77/6D7Z2Hx1ZXhsOE60Kbk4RZKISCCQos4KQ0wGRSwDQ5e9/q03MwVmj1EesS5pLlSmSCM/TUmJ1uD8JR2Bm9CqI1GLz7dTH+8/XJxdHpTu9nnGpeSVDIC2btLApLnDtmUPACmn5cWSgZP2M5zDxUTIKdu67Shj7zTEozbfxRSDv23wjHpLW1TLynZLiwl7WWHCbyf/Kswuzt3AlVVgiKr3JlVUFR07ZzmgoDHI vaA8aN8OVSvmCGcfTz6ccKllxLyVTq4jRtXKzbuQG6GOELOhqjUDXdjQvI0Ih8gcwYvdxtGp/pAyzpOrhrLq1Z6r/3dVhtLN1LfIlLZtIXXmxf2sU+78cpZH5x3RicrBU7rxtn8qRxfgXDcBS99ter/WbTMc8NgNpwfDMMm77fZXR5c1fB8ctR5PE4HBwckpVtkcfkKdkjEdknB+SQHJEJ4QTIN/Kd/AiiYBp8Cj6vXIPeOuYR2bBA/AXmVtkI</latexit><latexit sha1_base64="l0UHs3P/go6ZAWNyreQAvy4ykNA=">AAACr3icbVFLb9QwEPaGAiU82sKRi9UtUpGWVcJD5ViJS0+oldhupc1SHGeStRrbkT3pEln5BVxB4q/xb3DSHN iWkWx/mvnG8/jSqhQWo+jPKLi3df/Bw+1H4eMnT5/t7O49P7e6NhxmXJfaXKTMQikUzFBgCReVASbTEubp1acuPr8GY4VWX7CpYClZoUQuOEPvOmOXu+NoGvVG74J4AGMy2Onl3uh3kmleS1DIS2btIo4qXDpmUPAS2jCpLVSMX7ECFh4qJsEuXd9pS195T0ZzbfxRSHvvvxmOSWsbmXqmZLiyt2Odc5LK/4UXNeYfl06oqkZQ/KZWXpcUNe0mp5kwwLFsPGDcCN8u5StmGE e/nzBRsOZaSqYyl2RZ6xLd7Q3QJQjf0dEEhWroQVJCjkYUK2TG6PVB2/pKn2FNh+R+uKxhmf/e92G1sfQw9S2umcne+GD30j73dZhkkHvh+jU42Sh23bTOFGnrvASTaBq/99e7o3aTWBQGQG0QP0yiNvRaxreVuwvO305jj8+i8fHJoOo2eUn2ySGJyRE5JifklMwIJ0B+kJ/kVxAH8+Br8O2GGoyGnBdkwwLxF6Rt1Kw=</latexit>
a
<latexit sha1_base64="CsbWRT8eVFv8ljLhcXVffbP+MS0=">AAACr3icbVHLbtQwFPWEVwmPtrBkYzFFKtIwSnio7KjEpivUIqZTaTIUx7nJWI3tyL7pEFn5ArYg8Sl8BXv+Bi czC6blSraPzrnX95VWpbAYRX8GwY2bt27f2bob3rv/4OH2zu6jU6trw2HCdanNWcoslELBBAWWcFYZYDItYZpevO/06SUYK7T6hE0Fc8kKJXLBGXrqhJ3vDKNx1Bu9DuI1GL77/esj8XZ8vjv4mWSa1xIU8pJZO4ujCueOGRS8hDZMagsV4xesgJmHikmwc9dX2tJnnsloro0/CmnP/hvhmLS2kan3lAwX9qrWkaNU/k+e1Zi/nTuhqhpB8VWuvC4patp1TjNhgGPZeMC4Eb 5cyhfMMI5+PmGiYMm1lExlLsmy1iW6mxugSxC+oqMJCtXQvaSEHI0oFsiM0cu9tvWZPsCSroP75rKGZf57X4fVxtL91Je4ZCZ74cXupX3s8zDJIPeL68fgZKPYZdM6U6St8ysYReP4tb9eHbSbjkVhANSG45tR1IZ+l/HVzV0Hpy/Hsccn0fDwiKxsizwhT8k+ickBOSRH5JhMCCdAvpHv5EcQB9Pgc/Bl5RoM1jGPyYYF4i8YqdbD</latexit><latexit sha1_base64="NJg9n1h6BV7l32KaV81OnmS4ySE=">AAACr3icbVHLbtQwFPWEVxleLSyRkMUUqUjDKOGhsqMSm65QR2I6lSZDcZybjNXYjuybDpGVJSu2IPEp/Qr2fA M/gZOZBdNyJdtH59zr+0rKQlgMw9+94Nr1Gzdvbd3u37l77/6D7Z2Hx1ZXhsOE60Kbk4RZKISCCQos4KQ0wGRSwDQ5e9/q03MwVmj1EesS5pLlSmSCM/TUmJ1uD8JR2Bm9CqI1GLz7dTH+8/XJxdHpTu9nnGpeSVDIC2btLApLnDtmUPACmn5cWSgZP2M5zDxUTIKdu67Shj7zTEozbfxRSDv23wjHpLW1TLynZLiwl7WWHCbyf/Kswuzt3AlVVgiKr3JlVUFR07ZzmgoDHI vaA8aN8OVSvmCGcfTz6ccKllxLyVTq4jRtXKzbuQG6GOELOhqjUDXdjQvI0Ih8gcwYvdxtGp/pAyzpOrhrLq1Z6r/3dVhtLN1LfIlLZtIXXmxf2sU+78cpZH5x3RicrBU7rxtn8qRxfgXDcBS99ter/WbTMc8NgNpwfDMMm77fZXR5c1fB8ctR5PE4HBwckpVtkcfkKdkjEdknB+SQHJEJ4QTIN/Kd/AiiYBp8Cj6vXIPeOuYR2bBA/AXmVtkI</latexit><latexit sha1_base64="NJg9n1h6BV7l32KaV81OnmS4ySE=">AAACr3icbVHLbtQwFPWEVxleLSyRkMUUqUjDKOGhsqMSm65QR2I6lSZDcZybjNXYjuybDpGVJSu2IPEp/Qr2fA M/gZOZBdNyJdtH59zr+0rKQlgMw9+94Nr1Gzdvbd3u37l77/6D7Z2Hx1ZXhsOE60Kbk4RZKISCCQos4KQ0wGRSwDQ5e9/q03MwVmj1EesS5pLlSmSCM/TUmJ1uD8JR2Bm9CqI1GLz7dTH+8/XJxdHpTu9nnGpeSVDIC2btLApLnDtmUPACmn5cWSgZP2M5zDxUTIKdu67Shj7zTEozbfxRSDv23wjHpLW1TLynZLiwl7WWHCbyf/Kswuzt3AlVVgiKr3JlVUFR07ZzmgoDHI vaA8aN8OVSvmCGcfTz6ccKllxLyVTq4jRtXKzbuQG6GOELOhqjUDXdjQvI0Ih8gcwYvdxtGp/pAyzpOrhrLq1Z6r/3dVhtLN1LfIlLZtIXXmxf2sU+78cpZH5x3RicrBU7rxtn8qRxfgXDcBS99ter/WbTMc8NgNpwfDMMm77fZXR5c1fB8ctR5PE4HBwckpVtkcfkKdkjEdknB+SQHJEJ4QTIN/Kd/AiiYBp8Cj6vXIPeOuYR2bBA/AXmVtkI</latexit><latexit sha1_base64="l0UHs3P/go6ZAWNyreQAvy4ykNA=">AAACr3icbVFLb9QwEPaGAiU82sKRi9UtUpGWVcJD5ViJS0+oldhupc1SHGeStRrbkT3pEln5BVxB4q/xb3DSHN iWkWx/mvnG8/jSqhQWo+jPKLi3df/Bw+1H4eMnT5/t7O49P7e6NhxmXJfaXKTMQikUzFBgCReVASbTEubp1acuPr8GY4VWX7CpYClZoUQuOEPvOmOXu+NoGvVG74J4AGMy2Onl3uh3kmleS1DIS2btIo4qXDpmUPAS2jCpLVSMX7ECFh4qJsEuXd9pS195T0ZzbfxRSHvvvxmOSWsbmXqmZLiyt2Odc5LK/4UXNeYfl06oqkZQ/KZWXpcUNe0mp5kwwLFsPGDcCN8u5StmGE e/nzBRsOZaSqYyl2RZ6xLd7Q3QJQjf0dEEhWroQVJCjkYUK2TG6PVB2/pKn2FNh+R+uKxhmf/e92G1sfQw9S2umcne+GD30j73dZhkkHvh+jU42Sh23bTOFGnrvASTaBq/99e7o3aTWBQGQG0QP0yiNvRaxreVuwvO305jj8+i8fHJoOo2eUn2ySGJyRE5JifklMwIJ0B+kJ/kVxAH8+Br8O2GGoyGnBdkwwLxF6Rt1Kw=</latexit>
a
<latexit sha1_base64="CsbWRT8eVFv8ljLhcXVffbP+MS0=">AAACr3icbVHLbtQwFPWEVwmPtrBkYzFFKtIwSnio7KjEpivUIqZTaTIUx7nJWI3tyL7pEFn5ArYg8Sl8BXv+Bi czC6blSraPzrnX95VWpbAYRX8GwY2bt27f2bob3rv/4OH2zu6jU6trw2HCdanNWcoslELBBAWWcFYZYDItYZpevO/06SUYK7T6hE0Fc8kKJXLBGXrqhJ3vDKNx1Bu9DuI1GL77/esj8XZ8vjv4mWSa1xIU8pJZO4ujCueOGRS8hDZMagsV4xesgJmHikmwc9dX2tJnnsloro0/CmnP/hvhmLS2kan3lAwX9qrWkaNU/k+e1Zi/nTuhqhpB8VWuvC4patp1TjNhgGPZeMC4Eb 5cyhfMMI5+PmGiYMm1lExlLsmy1iW6mxugSxC+oqMJCtXQvaSEHI0oFsiM0cu9tvWZPsCSroP75rKGZf57X4fVxtL91Je4ZCZ74cXupX3s8zDJIPeL68fgZKPYZdM6U6St8ysYReP4tb9eHbSbjkVhANSG45tR1IZ+l/HVzV0Hpy/Hsccn0fDwiKxsizwhT8k+ickBOSRH5JhMCCdAvpHv5EcQB9Pgc/Bl5RoM1jGPyYYF4i8YqdbD</latexit><latexit sha1_base64="NJg9n1h6BV7l32KaV81OnmS4ySE=">AAACr3icbVHLbtQwFPWEVxleLSyRkMUUqUjDKOGhsqMSm65QR2I6lSZDcZybjNXYjuybDpGVJSu2IPEp/Qr2fA M/gZOZBdNyJdtH59zr+0rKQlgMw9+94Nr1Gzdvbd3u37l77/6D7Z2Hx1ZXhsOE60Kbk4RZKISCCQos4KQ0wGRSwDQ5e9/q03MwVmj1EesS5pLlSmSCM/TUmJ1uD8JR2Bm9CqI1GLz7dTH+8/XJxdHpTu9nnGpeSVDIC2btLApLnDtmUPACmn5cWSgZP2M5zDxUTIKdu67Shj7zTEozbfxRSDv23wjHpLW1TLynZLiwl7WWHCbyf/Kswuzt3AlVVgiKr3JlVUFR07ZzmgoDHI vaA8aN8OVSvmCGcfTz6ccKllxLyVTq4jRtXKzbuQG6GOELOhqjUDXdjQvI0Ih8gcwYvdxtGp/pAyzpOrhrLq1Z6r/3dVhtLN1LfIlLZtIXXmxf2sU+78cpZH5x3RicrBU7rxtn8qRxfgXDcBS99ter/WbTMc8NgNpwfDMMm77fZXR5c1fB8ctR5PE4HBwckpVtkcfkKdkjEdknB+SQHJEJ4QTIN/Kd/AiiYBp8Cj6vXIPeOuYR2bBA/AXmVtkI</latexit><latexit sha1_base64="NJg9n1h6BV7l32KaV81OnmS4ySE=">AAACr3icbVHLbtQwFPWEVxleLSyRkMUUqUjDKOGhsqMSm65QR2I6lSZDcZybjNXYjuybDpGVJSu2IPEp/Qr2fA M/gZOZBdNyJdtH59zr+0rKQlgMw9+94Nr1Gzdvbd3u37l77/6D7Z2Hx1ZXhsOE60Kbk4RZKISCCQos4KQ0wGRSwDQ5e9/q03MwVmj1EesS5pLlSmSCM/TUmJ1uD8JR2Bm9CqI1GLz7dTH+8/XJxdHpTu9nnGpeSVDIC2btLApLnDtmUPACmn5cWSgZP2M5zDxUTIKdu67Shj7zTEozbfxRSDv23wjHpLW1TLynZLiwl7WWHCbyf/Kswuzt3AlVVgiKr3JlVUFR07ZzmgoDHI vaA8aN8OVSvmCGcfTz6ccKllxLyVTq4jRtXKzbuQG6GOELOhqjUDXdjQvI0Ih8gcwYvdxtGp/pAyzpOrhrLq1Z6r/3dVhtLN1LfIlLZtIXXmxf2sU+78cpZH5x3RicrBU7rxtn8qRxfgXDcBS99ter/WbTMc8NgNpwfDMMm77fZXR5c1fB8ctR5PE4HBwckpVtkcfkKdkjEdknB+SQHJEJ4QTIN/Kd/AiiYBp8Cj6vXIPeOuYR2bBA/AXmVtkI</latexit><latexit sha1_base64="l0UHs3P/go6ZAWNyreQAvy4ykNA=">AAACr3icbVFLb9QwEPaGAiU82sKRi9UtUpGWVcJD5ViJS0+oldhupc1SHGeStRrbkT3pEln5BVxB4q/xb3DSHN iWkWx/mvnG8/jSqhQWo+jPKLi3df/Bw+1H4eMnT5/t7O49P7e6NhxmXJfaXKTMQikUzFBgCReVASbTEubp1acuPr8GY4VWX7CpYClZoUQuOEPvOmOXu+NoGvVG74J4AGMy2Onl3uh3kmleS1DIS2btIo4qXDpmUPAS2jCpLVSMX7ECFh4qJsEuXd9pS195T0ZzbfxRSHvvvxmOSWsbmXqmZLiyt2Odc5LK/4UXNeYfl06oqkZQ/KZWXpcUNe0mp5kwwLFsPGDcCN8u5StmGE e/nzBRsOZaSqYyl2RZ6xLd7Q3QJQjf0dEEhWroQVJCjkYUK2TG6PVB2/pKn2FNh+R+uKxhmf/e92G1sfQw9S2umcne+GD30j73dZhkkHvh+jU42Sh23bTOFGnrvASTaBq/99e7o3aTWBQGQG0QP0yiNvRaxreVuwvO305jj8+i8fHJoOo2eUn2ySGJyRE5JifklMwIJ0B+kJ/kVxAH8+Br8O2GGoyGnBdkwwLxF6Rt1Kw=</latexit>
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FIG. 4. Quantized energy values for the minima of conduction
electron subbands as a function of radial quantum number a
calculated for the L and R diamond NW segments. Each
panel presents the energy spectrum for a fixed angular mo-
mentum quantum number that varies from n = 1 to 5. Solid
lines are given as a guide for the eye.
conduction subbands of the L and R segments. The plot
indicates a rapid (fractions of eV) growths of the energy
values as the radial quantum number a increases. The
rapid growth is attributed to a small value, m∗t = 0.36me,
of the transverse effective mass. Since ρL > ρR, the
energy values in segment R are always larger than those
in segment L given the same quantum numbers n and a.
A. Nanojunction scattering
The transmission and reflection coefficients for the in-
cident electron placed into a subband {no, ao} of either
L or R segment given kinetic energy Ez = ~2ksnoao
2/2m∗l
(s = L,R) are calculated using the formalism developed
in Sec. II A. Keeping in mind that the scattering con-
serves the angular momentum, we set n = no for the
transmitted and reflected electron states.
The calculated transmission coefficient (i.e., the prob-
ability), of an incident electron within no = 0 and ao = 1
(no = 0 and ao = 2) subband of L-segment to be scat-
tered to a subbands of R-segment as a function of the ki-
netic energy Ez is presented in the left (right) top panel
of Fig. 5. Associated reflection coefficients are given in
the lower row of Fig. 5. Provided an incident electron
is in the subband ao = 1, the left column of Fig. 5 indi-
60 1 2 3
Ez (eV)
1
2
3
4
5
6
0
0.2
0.4
0.6
0 1 2 3
Ez (eV)
1
2
3
4
5
6
0
0.2
0.4
0.6
0.8
a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
Ez (eV )
<latexit sha1_base64="gS4ZMGCJ24myzWS8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDb ZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlOF9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yffRd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTA o4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+df6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgm ra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLiq7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O/VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9uIAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D 6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIBE5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3n rmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGV wmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpI CT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GY tLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+95 2G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0F nPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGV wmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpI CT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GY tLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+95 2G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0F nPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx 0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUs Bpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/hGvw9herDYHYTjsAt6HURrMCDrOFns9X7GqeaVBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEPFJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+U DJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVFTVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxLyVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+RGaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mn uKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmTxrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRg Rf/gJektdd</latexit>
Ez (eV )
<latexit sha1_base64="gS4ZMGCJ24myzWS8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDb ZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlOF9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yffRd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTA o4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+df6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgm ra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLiq7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O/VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9uIAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D 6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIBE5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3n rmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGV wmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpI CT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GY tLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+95 2G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0F nPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGV wmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpI CT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GY tLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+95 2G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0F nPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx 0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUs Bpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/hGvw9herDYHYTjsAt6HURrMCDrOFns9X7GqeaVBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEPFJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+U DJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVFTVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxLyVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+RGaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mn uKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmTxrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRg Rf/gJektdd</latexit>
Ez (eV )
<latexit sha1_base64="gS4ZMGCJ24myzWS 8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDbZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlO F9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yffRd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2 975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTAo4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+d f6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT 8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgmra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLi q7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O/VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9u IAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK 3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIB E5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3nrmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBA R614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij +fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3 d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ew b/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZL xM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAU X72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6E BeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1 oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9E hEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBA R614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij +fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3 d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ew b/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZL xM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAU X72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6E BeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1 oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9E hEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5 aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5 Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7 t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUsBpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/h Gvw9herDYHYTjsAt6HURrMCDrOFns9X7GqeaVBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEP FJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+UDJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVF TVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxLyVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+R GaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mnuKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmT xrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/ fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRgRf/gJektdd</latexit>
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a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
Ez (eV )
<latexit sha1_base64="gS4ZMGCJ24myzWS 8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDbZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlO F9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yffRd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2 975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTAo4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+d f6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT 8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgmra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLi q7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O/VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9u IAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK 3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIB E5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3nrmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBA R614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij +fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3 d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ew b/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZL xM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAU X72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6E BeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1 oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9E hEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBA R614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij +fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3 d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ew b/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZL xM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAU X72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6E BeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1 oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9E hEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5 aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5 Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7 t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUsBpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/h Gvw9herDYHYTjsAt6HURrMCDrOFns9X7GqeaVBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEP FJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+UDJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVF TVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxLyVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+R GaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mnuKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmT xrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/ fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRgRf/gJektdd</latexit>
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Ez (eV)
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Ez (eV)
1
2
3
4
5
6
0
0.1
0.2
0.3
0.4
0.5
a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
Ez (eV )
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0 1 2 3
Ez (eV)
1
2
3
4
5
6
0
0.2
0.4
0.6
0.8
0 1 2 3
Ez (eV)
1
2
3
4
5
6
0
0.2
0.4
0.6
a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
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<latexit sha1_base64="gS4ZMGCJ24myzWS8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDbZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlOF9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yff Rd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTAo4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+df6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgmra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLiq7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O /VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9uIAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIBE5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3nrmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZPr oP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr 1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZPr oP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr 1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+ 6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUsBpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/hGvw9herDYHYTjsAt6HURrMCDrOFns9X7GqeaVBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEPFJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+UDJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVFTVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxL yVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+RGaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mnuKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmTxrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRgRf/gJektdd</latexit>
ao = 1
<latexit sha1_base64="VPE4TWYtBeXAY6S Ad6j8kLzQoaE=">AAACs3icbVHbbtQwEPWGW1luLTwiJIsWqUjLKgGq8oJUiZc+oSKxbaXNan HsSdZqbEf2pEuw8g28lt/hL/gbnOw+sC0j2T6aOeO5nKwqpcM4/jOIbt2+c/fe1v3hg4ePHj/Z 3nl66kxtOUy4KY09z5iDUmqYoMQSzisLTGUlnGUXn7r42SVYJ43+ik0FM8UKLXPJGQbXhM3Nx 2S+vRuP497oTZCswe7Ri98/vhFCTuY7g6tUGF4r0MhL5tw0iSuceWZR8hLaYVo7qBi/YAVMA9 RMgZv5vtuWvgoeQXNjw9FIe++/GZ4p5xqVBaZiuHDXY51zlKn/hac15h9mXuqqRtB8VSuvS4q GdtNTIS1wLJsAGLcytEv5glnGMexomGpYcqMU08KnQrQ+Nd3uAH2K8B09TVHqhu6lJeRoZbFA Zq1Z7rVtqPQZlnSd3A8nGibC96EPZ6yj+1loccmseBOC3Uv73NfDVEAexOvX4FWj2WXTeltkrQ 8SjOJx8j5c7w7bTWJRWAC9QTwYxe0waJlcV+4mOH07TgL+EkQ9JivbIs/JS7JPEnJIjsgxOSE TwokkP8kV+RUdRNMoi8SKGg3WOc/IhkXqL0Zp2Ak=</latexit><latexit sha1_base64="SxoeiFIhNm7JxrC 6keEJlCFUeik=">AAACs3icbVHLbtQwFPWEVxleLSwRkkWLVKRhlABV2SBVYtMVKhLTVpqMRo 5zk7HqR2TfdAhWvoFt+R3+ghW/gpOZBdNyJdtH957r+zhZJYXDOP49iG7dvnP33tb94YOHjx4/ 2d55eupMbTlMuJHGnmfMgRQaJihQwnllgalMwll28amLn12CdcLor9hUMFOs1KIQnGFwTdjcf Ezm27vxOO6N3gTJGuwevfj1nTv552S+M7hKc8NrBRq5ZM5Nk7jCmWcWBZfQDtPaQcX4BSthGq BmCtzM99229FXw5LQwNhyNtPf+m+GZcq5RWWAqhgt3PdY5R5n6X3haY/Fh5oWuagTNV7WKWlI 0tJue5sICR9kEwLgVoV3KF8wyjmFHw1TDkhulmM59muetT023O0CfInxDT1MUuqF7qYQCrSgX yKw1y722DZU+w5Kuk/vh8obl4fvQhzPW0f0stLhkNn8Tgt1L+9zXwzSHIojXr8GrRrPLpvW2zF ofJBjF4+R9uN4dtpvEsrQAeoN4MIrbYdAyua7cTXD6dpwE/CWIekxWtkWek5dknyTkkByRY3J CJoQTQX6QK/IzOoimURblK2o0WOc8IxsWqb/7DdnK</latexit><latexit sha1_base64="SxoeiFIhNm7JxrC 6keEJlCFUeik=">AAACs3icbVHLbtQwFPWEVxleLSwRkkWLVKRhlABV2SBVYtMVKhLTVpqMRo 5zk7HqR2TfdAhWvoFt+R3+ghW/gpOZBdNyJdtH957r+zhZJYXDOP49iG7dvnP33tb94YOHjx4/ 2d55eupMbTlMuJHGnmfMgRQaJihQwnllgalMwll28amLn12CdcLor9hUMFOs1KIQnGFwTdjcf Ezm27vxOO6N3gTJGuwevfj1nTv552S+M7hKc8NrBRq5ZM5Nk7jCmWcWBZfQDtPaQcX4BSthGq BmCtzM99229FXw5LQwNhyNtPf+m+GZcq5RWWAqhgt3PdY5R5n6X3haY/Fh5oWuagTNV7WKWlI 0tJue5sICR9kEwLgVoV3KF8wyjmFHw1TDkhulmM59muetT023O0CfInxDT1MUuqF7qYQCrSgX yKw1y722DZU+w5Kuk/vh8obl4fvQhzPW0f0stLhkNn8Tgt1L+9zXwzSHIojXr8GrRrPLpvW2zF ofJBjF4+R9uN4dtpvEsrQAeoN4MIrbYdAyua7cTXD6dpwE/CWIekxWtkWek5dknyTkkByRY3J CJoQTQX6QK/IzOoimURblK2o0WOc8IxsWqb/7DdnK</latexit><latexit sha1_base64="VbbOOVa9KM0D2B9 9uNJst6QYZh0=">AAACs3icbVFLb9QwEPaGV1leLRy5WGyRirSsEqAqF6RKXHpCRWLbSpvVyr EnWauxHdmTLpGV38C1/DT+DU6aA9syku1PM994Hl9WldJhHP8ZRffuP3j4aOfx+MnTZ89f7O69 PHOmthzm3JTGXmTMQSk1zFFiCReVBaayEs6zy69d/PwKrJNG/8CmgqVihZa55AyDa85W5kuy2 p3Es7g3ehckA5iQwU5Xe6PrVBheK9DIS+bcIokrXHpmUfIS2nFaO6gYv2QFLALUTIFb+r7blr 4NHkFzY8PRSHvvvxmeKecalQWmYrh2t2Odc5qp/4UXNeafl17qqkbQ/KZWXpcUDe2mp0Ja4Fg 2ATBuZWiX8jWzjGPY0TjVsOFGKaaFT4VofWq63QH6FOEnepqi1A3dT0vI0cpijcxas9lv21Dp G2zokNwPJxomwvehD2esowdZaHHDrHgfgt1L+9x341RAHsTr1+BVo9lV03pbZK0PEkzjWfIpXB +P2m1iUVgAvUU8nMbtOGiZ3FbuLjj7MEsC/h5Pjk8GVXfIa/KGHJCEHJFjckJOyZxwIskvck1 +R4fRIsoicUONRkPOK7JlkfoLE7HWEA==</latexit>
ao = 2
<latexit sha1_base64="nCodX/JUu6r4Cheza3AEExXKd5g=">AAACs3icbVHbbhMxEHWWWw mXtvCIkCxapCKFaLe0Ki9IlXjpEyoSaStlo+C1ZzdW1/bKnm26WPsNvJbf4S/4G5xNHkjLSLaPZs54LierSukwjv/0onv3Hzx8tPG4/+Tps+ebW9svzpypLYcRN6WxFxlzUEoNI5RYwkVlgams hPPs8vMifn4F1kmjv2FTwUSxQstccobBNWJT82l/urUTD+PO6F2QrMDO8evfP74TQk6n272bVBheK9DIS+bcOIkrnHhmUfIS2n5aO6gYv2QFjAPUTIGb+K7blr4NHkFzY8PRSDvvvxmeKecalQW mYjhzt2ML5yBT/wuPa8w/TrzUVY2g+bJWXpcUDV1MT4W0wLFsAmDcytAu5TNmGcewo36qYc6NUkwLnwrR+tQsdgfoU4Rr9DRFqRu6m5aQo5XFDJm1Zr7btqHSF5jTVXI3nGiYCN+HPpyxju5lo cU5s+J9CC5e2uW+66cC8iBetwavGs2umtbbImt9kGAQD5ODcH04ateJRWEB9BrxcBC3/aBlclu5u+Bsf5gE/DWIekKWtkFekTdkjyTkiByTE3JKRoQTSX6SG/IrOozGURaJJTXqrXJekjWL1F9 ItNgK</latexit><latexit sha1_base64="X7jWnoVPbLWvpQqqQ3l+1qOOa5Y=">AAACs3icbVHLatwwFNW4r9 R9JGmXpSCaFFKYDnaakG4KgW6yKil0ksB4GGTp2iOih5HkTFzhb+g2/Z3+RVf9lcqeWXSSXpB0uPdc3cfJK8GtS5Lfg+je/QcPH208jp88ffZ8c2v7xZnVtaEwplpoc5ETC4IrGDvuBFxUBojM BZznl5+7+PkVGMu1+uaaCqaSlIoXnBIXXGMy05/2Z1s7ySjpDd8F6QrsHL/+9Z1a8ed0tj24yZimtQTlqCDWTtKkclNPjONUQBtntYWK0EtSwiRARSTYqe+7bfHb4GG40CYc5XDv/TfDE2ltI/P AlMTN7e1Y5xzm8n/hSe2Kj1PPVVU7UHRZq6gFdhp302PGDVAnmgAINTy0i+mcGEJd2FGcKVhQLSVRzGeMtT7T3e7A+czBtfM4c1w1eDcTUDjDy7kjxujFbtuGSl9ggVfJ/XCsISx8H/qw2li8l 4cWF8Sw9yHYvbjPfRdnDIogXr8GLxtFrprWmzJvfZBgmIzSg3B9OGrXiWVpANQa8XCYtHHQMr2t3F1wtj9KA/4aRD1BS9tAr9AbtIdSdISO0Qk6RWNEEUc/0A36GR1GkyiP2JIaDVY5L9GaRfI v/VjZyw==</latexit><latexit sha1_base64="X7jWnoVPbLWvpQqqQ3l+1qOOa5Y=">AAACs3icbVHLatwwFNW4r9 R9JGmXpSCaFFKYDnaakG4KgW6yKil0ksB4GGTp2iOih5HkTFzhb+g2/Z3+RVf9lcqeWXSSXpB0uPdc3cfJK8GtS5Lfg+je/QcPH208jp88ffZ8c2v7xZnVtaEwplpoc5ETC4IrGDvuBFxUBojM BZznl5+7+PkVGMu1+uaaCqaSlIoXnBIXXGMy05/2Z1s7ySjpDd8F6QrsHL/+9Z1a8ed0tj24yZimtQTlqCDWTtKkclNPjONUQBtntYWK0EtSwiRARSTYqe+7bfHb4GG40CYc5XDv/TfDE2ltI/P AlMTN7e1Y5xzm8n/hSe2Kj1PPVVU7UHRZq6gFdhp302PGDVAnmgAINTy0i+mcGEJd2FGcKVhQLSVRzGeMtT7T3e7A+czBtfM4c1w1eDcTUDjDy7kjxujFbtuGSl9ggVfJ/XCsISx8H/qw2li8l 4cWF8Sw9yHYvbjPfRdnDIogXr8GLxtFrprWmzJvfZBgmIzSg3B9OGrXiWVpANQa8XCYtHHQMr2t3F1wtj9KA/4aRD1BS9tAr9AbtIdSdISO0Qk6RWNEEUc/0A36GR1GkyiP2JIaDVY5L9GaRfI v/VjZyw==</latexit><latexit sha1_base64="53OVqSqGXx9WhvKe3Ec2WuyT9C4=">AAACs3icbVFLa9wwENa6r3 T7SNIeexHdFFLYLnaakF4KgV5yKil0k8B6WWRp7BWxJCONszHCv6HX9Kf131R29tBNOiDpY+YbzePLqlI6jOM/g+jR4ydPn209H754+er19s7um3Nnasthyk1p7GXGHJRSwxQllnBZWWAqK+Ei u/rWxS+uwTpp9E9sKpgrVmiZS84wuKZsYb4eLHZG8STujT4EyRqMyNrOFruD21QYXivQyEvm3CyJK5x7ZlHyEtphWjuoGL9iBcwC1EyBm/u+25Z+CB5Bc2PD0Uh7778ZninnGpUFpmK4dPdjnXO cqf+FZzXmX+Ze6qpG0PyuVl6XFA3tpqdCWuBYNgEwbmVol/Ils4xj2NEw1bDiRimmhU+FaH1qut0B+hThBj1NUeqG7qUl5GhlsURmrVnttW2o9B1WdJ3cDycaJsL3oQ9nrKP7WWhxxaz4FILdS /vcj8NUQB7E69fgVaPZddN6W2StDxKM40lyGK7Px+0msSgsgN4gHo3jdhi0TO4r9xCcH0ySgH/Eo5PTtapb5B15T/ZJQo7JCTklZ2RKOJHkF7klv6OjaBZlkbijRoN1zluyYZH6CxX81hE=</l atexit>
ao = 3
<latexit sha1_base64="nO8E4TOW86qbuDK/jBDhbqC9v7s=">AAACs3icbVHbbhMxEHW2XEq49MIjQrJokYoUol1KVV6QKvHSJ1Qk0lbKRsFrz26sru2VPduwWPsNvJbf4S/4G5xNHkjLSLa PZs54LierSukwjv/0oo179x883HzUf/zk6bOt7Z3dc2dqy2HETWnsZcYclFLDCCWWcFlZYCor4SK7+rSIX1yDddLor9hUMFGs0DKXnGFwjdjUfDycbu/Fw7gzehckK7B38vL3j2+EkLPpTu8mFYbXCjTykjk3TuIKJ55ZlLyEtp/WDirGr1gB4wA1U+Amvuu2pa+DR9Dc2HA00s77b4ZnyrlGZYGpGM7c7djCOcjU/8LjGvMPEy91VSNovqyV1yVFQxfTUyEtcCybABi3MrRL+YxZxjHsqJ9qmHOj FNPCp0K0PjWL3QH6FOE7epqi1A3dT0vI0cpihsxaM99v21DpM8zpKrkbTjRMhO9DH85YRw+y0OKcWfE2BBcv7XLf9FMBeRCvW4NXjWbXTettkbU+SDCIh8n7cB0et+vEorAAeo14NIjbftAyua3cXXD+bpgE/CWIekqWtklekFfkgCTkmJyQU3JGRoQTSX6SG/IrOorGURaJJTXqrXKekzWL1F9K/9gL</latexit><latexit sha1_base64="gRNMY5UbAarbkyjr+T9GRAvIzC4=">AAACs3icbVHLbtQwFPWkPEp49MESIVm0SEUaRgmlKhukSmy6QkVi2kqT0cixbzJW/Yhsp0Ow8g1sy+/wF6z4FZzMLJiWK9k +uvdc38fJK8GtS5Lfg2jj3v0HDzcfxY+fPH22tb2ze251bSiMqRbaXObEguAKxo47AZeVASJzARf51acufnENxnKtvrqmgqkkpeIFp8QF15jM9MfD2fZeMkp6w3dBugJ7Jy9/fadW/Dmb7QxuMqZpLUE5Koi1kzSp3NQT4zgV0MZZbaEi9IqUMAlQEQl26vtuW/w6eBgutAlHOdx7/83wRFrbyDwwJXFzezvWOYe5/F94Urviw9RzVdUOFF3WKmqBncbd9JhxA9SJJgBCDQ/tYjonhlAXdhRnChZU S0kU8xljrc90tztwPnPwzXmcOa4avJ8JKJzh5dwRY/Riv21Dpc+wwKvkfjjWEBa+D31YbSw+yEOLC2LY2xDsXtznvokzBkUQr1+Dl40i103rTZm3PkgwTEbp+3AdHrfrxLI0AGqNeDRM2jhomd5W7i44fzdKA/4SRD1FS9tEL9ArdIBSdIxO0Ck6Q2NEEUc/0A36GR1FkyiP2JIaDVY5z9GaRfIv/6PZzA==</latexit><latexit sha1_base64="gRNMY5UbAarbkyjr+T9GRAvIzC4=">AAACs3icbVHLbtQwFPWkPEp49MESIVm0SEUaRgmlKhukSmy6QkVi2kqT0cixbzJW/Yhsp0Ow8g1sy+/wF6z4FZzMLJiWK9k +uvdc38fJK8GtS5Lfg2jj3v0HDzcfxY+fPH22tb2ze251bSiMqRbaXObEguAKxo47AZeVASJzARf51acufnENxnKtvrqmgqkkpeIFp8QF15jM9MfD2fZeMkp6w3dBugJ7Jy9/fadW/Dmb7QxuMqZpLUE5Koi1kzSp3NQT4zgV0MZZbaEi9IqUMAlQEQl26vtuW/w6eBgutAlHOdx7/83wRFrbyDwwJXFzezvWOYe5/F94Urviw9RzVdUOFF3WKmqBncbd9JhxA9SJJgBCDQ/tYjonhlAXdhRnChZU S0kU8xljrc90tztwPnPwzXmcOa4avJ8JKJzh5dwRY/Riv21Dpc+wwKvkfjjWEBa+D31YbSw+yEOLC2LY2xDsXtznvokzBkUQr1+Dl40i103rTZm3PkgwTEbp+3AdHrfrxLI0AGqNeDRM2jhomd5W7i44fzdKA/4SRD1FS9tEL9ArdIBSdIxO0Ck6Q2NEEUc/0A36GR1FkyiP2JIaDVY5z9GaRfIv/6PZzA==</latexit><latexit sha1_base64="OxTYgCY1ecmQYq0DKhlw4G/CaAY=">AAACs3icbVFLa9wwENa6r3T7SNIeexHdFFLYLnaTkF4KgV5yKil0k8B6WWRp7BWxJCONszHCv6HX9Kf131R29tBNOiDpY+Y bzePLqlI6jOM/g+jR4ydPn209H754+er19s7um3Nnasthyk1p7GXGHJRSwxQllnBZWWAqK+Eiu/rWxS+uwTpp9E9sKpgrVmiZS84wuKZsYb4eLHZG8STujT4EyRqMyNrOFruD21QYXivQyEvm3CyJK5x7ZlHyEtphWjuoGL9iBcwC1EyBm/u+25Z+CB5Bc2PD0Uh7778ZninnGpUFpmK4dPdjnXOcqf+FZzXmX+Ze6qpG0PyuVl6XFA3tpqdCWuBYNgEwbmVol/Ils4xj2NEw1bDiRimmhU+FaH1q ut0B+hThBj1NUeqG7qUl5GhlsURmrVnttW2o9B1WdJ3cDycaJsL3oQ9nrKP7WWhxxaz4FILdS/vcj8NUQB7E69fgVaPZddN6W2StDxKM40lyGK6D43aTWBQWQG8Qj8ZxOwxaJveVewjOP0+SgH/Eo5PTtapb5B15T/ZJQo7JCTklZ2RKOJHkF7klv6OjaBZlkbijRoN1zluyYZH6CxhH1hI=</latexit>
ao = 4
<latexit sha1_base64="9ZAqh4b6+1zb7I/3PqEKKNDQKKE=">AAACs3icbVHbbhMxEHW2XEq49MIjQrJokYoUol1oVV6QKvHSJ1Qk0lbKRsFrz26sru2VPduwWPsNvJbf4S/4G5xNHkjLSL aPZs54LierSukwjv/0oo179x883HzUf/zk6bOt7Z3dc2dqy2HETWnsZcYclFLDCCWWcFlZYCor4SK7+rSIX1yDddLor9hUMFGs0DKXnGFwjdjUfDycbu/Fw7gzehckK7B38vL3j2+EkLPpTu8mFYbXCjTykjk3TuIKJ55ZlLyEtp/WDirGr1gB4wA1U+Amvuu2pa+DR9Dc2HA00s77b4ZnyrlGZYGpGM7c7djCOcjU/8LjGvMPEy91VSNovqyV1yVFQxfTUyEtcCybABi3MrRL+YxZxjHsqJ9q mHOjFNPCp0K0PjWL3QH6FOE7epqi1A3dT0vI0cpihsxaM99v21DpM8zpKrkbTjRMhO9DH85YRw+y0OKcWfE2BBcv7XLf9FMBeRCvW4NXjWbXTettkbU+SDCIh8lhuN4ft+vEorAAeo14NIjbftAyua3cXXD+bpgE/CWIekqWtklekFfkgCTkmJyQU3JGRoQTSX6SG/IrOorGURaJJTXqrXKekzWL1F9NStgM</latexit><latexit sha1_base64="5ZOjafQejoYqVegHihw2Hku+t+Q=">AAACs3icbVHLbtQwFPWkPEp49MESIVm0SEUaRgm0KhukSmy6QkVi2kqT0cixbzJW/Yhsp0Ow8g1sy+/wF6z4FZzMLJiWK9 k+uvdc38fJK8GtS5Lfg2jj3v0HDzcfxY+fPH22tb2ze251bSiMqRbaXObEguAKxo47AZeVASJzARf51acufnENxnKtvrqmgqkkpeIFp8QF15jM9MfD2fZeMkp6w3dBugJ7Jy9/fadW/Dmb7QxuMqZpLUE5Koi1kzSp3NQT4zgV0MZZbaEi9IqUMAlQEQl26vtuW/w6eBgutAlHOdx7/83wRFrbyDwwJXFzezvWOYe5/F94Urviw9RzVdUOFF3WKmqBncbd9JhxA9SJJgBCDQ/tYjonhlAXdhRn ChZUS0kU8xljrc90tztwPnPwzXmcOa4avJ8JKJzh5dwRY/Riv21Dpc+wwKvkfjjWEBa+D31YbSw+yEOLC2LY2xDsXtznvokzBkUQr1+Dl40i103rTZm3PkgwTEbpYbjeH7frxLI0AGqNeDRM2jhomd5W7i44fzdKA/4SRD1FS9tEL9ArdIBSdIxO0Ck6Q2NEEUc/0A36GR1FkyiP2JIaDVY5z9GaRfIvAf3ZzQ==</latexit><latexit sha1_base64="5ZOjafQejoYqVegHihw2Hku+t+Q=">AAACs3icbVHLbtQwFPWkPEp49MESIVm0SEUaRgm0KhukSmy6QkVi2kqT0cixbzJW/Yhsp0Ow8g1sy+/wF6z4FZzMLJiWK9 k+uvdc38fJK8GtS5Lfg2jj3v0HDzcfxY+fPH22tb2ze251bSiMqRbaXObEguAKxo47AZeVASJzARf51acufnENxnKtvrqmgqkkpeIFp8QF15jM9MfD2fZeMkp6w3dBugJ7Jy9/fadW/Dmb7QxuMqZpLUE5Koi1kzSp3NQT4zgV0MZZbaEi9IqUMAlQEQl26vtuW/w6eBgutAlHOdx7/83wRFrbyDwwJXFzezvWOYe5/F94Urviw9RzVdUOFF3WKmqBncbd9JhxA9SJJgBCDQ/tYjonhlAXdhRn ChZUS0kU8xljrc90tztwPnPwzXmcOa4avJ8JKJzh5dwRY/Riv21Dpc+wwKvkfjjWEBa+D31YbSw+yEOLC2LY2xDsXtznvokzBkUQr1+Dl40i103rTZm3PkgwTEbpYbjeH7frxLI0AGqNeDRM2jhomd5W7i44fzdKA/4SRD1FS9tEL9ArdIBSdIxO0Ck6Q2NEEUc/0A36GR1FkyiP2JIaDVY5z9GaRfIvAf3ZzQ==</latexit><latexit sha1_base64="H5uM4RbUImSJHe3OnPkn+lLbFyE=">AAACs3icbVFLa9wwENa6r3T7SNIeexHdFFLYLnabkF4KgV5yKgl0k8B6WWRp7BWxJCONszXCv6HX9Kf131R29tBNMiDpY+ YbzePLqlI6jOO/g+jR4ydPn209H754+er19s7um3Nnasthyk1p7GXGHJRSwxQllnBZWWAqK+Eiu/rexS+uwTpp9E9sKpgrVmiZS84wuKZsYb4dLHZG8STujd4HyRqMyNpOF7uDm1QYXivQyEvm3CyJK5x7ZlHyEtphWjuoGL9iBcwC1EyBm/u+25Z+CB5Bc2PD0Uh77/8ZninnGpUFpmK4dHdjnXOcqYfCsxrzr3MvdVUjaH5bK69LioZ201MhLXAsmwAYtzK0S/mSWcYx7GiYalhxoxTTwqdC tD413e4AfYrwCz1NUeqG7qUl5GhlsURmrVnttW2o9ANWdJ3cDycaJsL3oQ9nrKP7WWhxxaz4FILdS/vcj8NUQB7E69fgVaPZddN6W2StDxKM40lyEK4vR+0msSgsgN4gHo7jdhi0TO4qdx+cf54kAZ/Fo+OTtapb5B15T/ZJQo7IMTkhp2RKOJHkN7khf6LDaBZlkbilRoN1zluyYZH6BxqS1hM=</latexit>
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FIG. 5. Contour plot of L to R transmission coefficient
T LRnoao,noa and the L to L reflection coefficient RLLnoao,noa cal-
culated for the diamond NW junction shown in Fig. 2. The
incident electron is placed into an ao subband with a kinetic
energy Ez and scatters to subbands characterized by a. The
angular quantum number is set to no = 0 in all panels. Left
(right) column shows the results for ao = 1 (ao = 2).
cates the following trends: For the electron kinetic energy
within the range of 0 < Ez < 86 meV, the electron gets
reflected back into the state ao. Once the kinetic energy
passes a threshold of 86 meV an efficient transmission
opens into the subband a = 1 of segment R. According
to Fig. 4, the activation energy threshold can be identi-
fied as a gap between ao = 1 subband in segment L and
a = 1 subband in segment R. Thus, observed suppres-
sion of electron transmission below the energy threshold
can be associated with the electron energy conservation.
The right panel in Fig. 5 describes the electron scat-
tering from the subband ao = 2. The activation en-
ergy gap for the transmission to a = 2 subband of
Ez = 450 meV clearly shows up in the plot. Besides
strong reflection back within the ao subband, a weak
transmission to the a = 1 subband of R-segment is ob-
served for Ez < 450 meV. According to Fig. 4, the a = 1
L-subband is lower in energy than the ao = 2 R-subband
and, thus, does not have any activation threshold. Ob-
served low values of the transmission coefficient are due
to small values of associated overlap integral (Eq. (8)).
The same explains lack of an efficient reflection to a = 1
subband. Furthermore, vanishing overlap integrals be-
tween the subbands separated by larger energy gaps com-
pletely suppress the scattering to those bands as seen in
Fig. 5 for Ez ranging up to 3 eV. Similar trends are ob-
served for the transmission and reflection amplitudes of
the incident electron placed into R-segment as can be
seen by comparing Figs. 5 and 6.
Finally, we point out that slow modulation of the trans-
mission and reflection coefficients with increasing Ez can
be attributed to the effect of quantum interference asso-
ciated with the finite size of segment C. The electron
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<latexit sha1_base64="gS4ZMGCJ24myzWS8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDbZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlOF9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yff Rd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTAo4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+df6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgmra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLiq7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O /VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9uIAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIBE5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3nrmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZPr oP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr 1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZPr oP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr 1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+ 6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUsBpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/hGvw9herDYHYTjsAt6HURrMCDrOFns9X7GqeaVBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEPFJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+UDJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVFTVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxL yVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+RGaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mnuKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmTxrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRgRf/gJektdd</latexit>
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a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
Ez (eV )
<latexit sha1_base64="gS4ZMGCJ24myzWS8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDbZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlOF9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yffRd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTAo4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+df6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc 7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgmra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLiq7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O/VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9uIAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIBE5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3nrmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7 tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7 tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUsBpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/hGvw9herDYHYTjsAt6HURrMCDrOFns9X7Gqea VBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEPFJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+UDJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVFTVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxLyVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+RGaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mnuKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmTxrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRgRf/gJektdd</latexit>
Ez (eV )
<latexit sha1_base64="gS4ZMGCJ24myzWS8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDbZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlOF9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yffRd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTAo4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+df6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc 7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgmra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLiq7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O/VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9uIAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIBE5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3nrmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7 tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7 tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUsBpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/hGvw9herDYHYTjsAt6HURrMCDrOFns9X7Gqea VBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEPFJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+UDJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVFTVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxLyVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+RGaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mnuKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmTxrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRgRf/gJektdd</latexit>
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a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
a <latexit sha1_base64="jNHM780tkyX4ec3BPgdqQJQwmLc="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="SlqE6/jpXTPoVm1NHJkIT9TyJF4="></latexit><latexit sha1_base64="vZLHftASD0DHHvMHSlBNDUHRVGw="></latexit>
Ez (eV )
<latexit sha1_base64="gS4ZMGCJ24myzWS8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDbZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlOF9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yffRd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTAo4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+df6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc 7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgmra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLiq7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O/VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9uIAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIBE5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3nrmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7 tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7 tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUsBpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/hGvw9herDYHYTjsAt6HURrMCDrOFns9X7Gqea VBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEPFJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+UDJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVFTVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxLyVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+RGaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mnuKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmTxrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRgRf/gJektdd</latexit>
Ez (eV )
<latexit sha1_base64="gS4ZMGCJ24myzWS8+KbIMVB30/0=">AAACt3icbVFbb9MwGHXDbZTbBo+8WNuQOlGqhIsGbxMIiSc0JNoNNVXlOF9Sa7Ed7C8rwQp/ghceQOJv8W9w0j7QjU+yffRd7ONzkrIQFsPwTy+4cvXa9RtbN/u3bt+5e2975/7E6spwGHNdaHOaMAuFUDBGgQWclgaYTAo4Sc7etPWTczBWaPUR6xJmkuVKZIIz9KlPb+df6bcBTA7m23vhKOyCXgbRGuwd7caPfxNCjuc 7vR9xqnklQSEvmLXTKCxx5phBwQto+nFloWT8jOUw9VAxCXbmOsYNfeQzKc208Ush7bL/Tjgmra1l4jslw4W9WGuTw0T+rzytMHs5c0KVFYLiq7eyqqCoaasATYUBjkXtAeNGeLqUL5hhHL1O/VjBkmspmUpdnKaNi3WrH6CLEb6gozEKVdP9uIAMjcgXyIzRy/2m8S+9hyVdD3efS2uW+us9D6uNpYPEU1wykz7xxfak3exBP04h8wZ2MjhZK3ZeN87kSeO8BcNwFD3327PDZrMxzw2A2mh8MQybvvcyuujcZTB5Ooo8/uBNfU1WsUUekl0yIBE5JEfkHTkmY8KJJN/JT/IreBXMgyxYrFqD3nrmAdmI4PNfop/Y5g==</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7 tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="EQi1RNdNnpc1bBAR614YQzUbqeI=">AAACt3icbVHLbhMxFHWGVwmPtrBkY7VFSkWIZniosItASKxQkUhalIkij+fOxOrYHuw7DYM1/AQsWMCH9W9wJlmQlivZProP+/icpCyExTC86ATXrt+4eWvrdvfO3Xv3t3d2H4ytrgyHEdeFNqcJs1AIBSMUWMBpaYDJpICT5Oztsn5yDsYKrT5hXcJUslyJTHCGPvX53ewb/d6D8eFsZz8chG3QqyBag/3hXvzk58WwPp7 tdn7FqeaVBIW8YNZOorDEqWMGBS+g6caVhZLxM5bDxEPFJNipaxk39LHPpDTTxi+FtM3+O+GYtLaWie+UDOf2cm2Z7Cfyf+VJhdmrqROqrBAUX72VVQVFTZcK0FQY4FjUHjBuhKdL+ZwZxtHr1I0VLLiWkqnUxWnauFgv9QN0McJXdDRGoWp6EBeQoRH5HJkxenHQNP6lD7Cg6+H2c2nNUn+952G1sbSXeIoLZtKnvrg8aTt72I1TyLyBrQxO1oqd140zedI4b0E/HEQv/Pb8qNlszHMDoDYaX/bDpuu9jC47dxWMnw0ijz96U9+QVWyRR2SP9EhEjsiQvCfHZEQ4keQH+U3+BK+DWZAF81Vr0FnPPCQbEXz5C9tC2mw=</latexit><latexit sha1_base64="240lvdWt0eCEBM5aB4YGJK9NIJ0=">AAACt3icbVFdb9MwFHXDx0b52AaPvFh0SJ1UqgSGBm8TCIknNCTaDTVV5Tg3qbXYDvbNSrDCn+CFB/hh/BucrA9040q2j+6HfXxOUhbCYhj+6QU3bt66vbV9p3/33v0HO7t7D6dWV4bDhOtCm7OEWSiEggkKLOCsNMBkUsBpcv62rZ9egLFCq09YlzCXLFciE5yhT31+t/hGvw9herDYHYTjsAt6HURrMCDrOFns9X7Gqea VBIW8YNbOorDEuWMGBS+g6ceVhZLxc5bDzEPFJNi56xg39KnPpDTTxi+FtMv+O+GYtLaWie+UDJf2aq1NjhL5v/KswuzV3AlVVgiKX76VVQVFTVsFaCoMcCxqDxg3wtOlfMkM4+h16scKVlxLyVTq4jRtXKxb/QBdjPAVHY1RqJruxwVkaES+RGaMXu03jX/pA6zoerj7XFqz1F/veVhtLB0mnuKKmfSZL7Yn7WYP+nEKmTewk8HJWrGLunEmTxrnLRiF4+jQby+Oms3GPDcAaqPx5Shs+t7L6Kpz18H0+Tjy+GM4OH6zdnWbPCZPyJBE5Igck/fkhEwIJ5L8IL/I7+B1sAiyYHnZGvTWM4/IRgRf/gJektdd</latexit>
ao = 1
<latexit sha1_base64="VPE4TWYtBeXAY6SAd6j8kLzQoaE=">AAACs3icbVHbbtQwEPWGW1luLTwiJIsWqUjLKgGq8oJUiZc+oSKxbaXNanHsSdZqbEf2pEuw8g28lt/hL/gbnOw+sC0j2T6 aOeO5nKwqpcM4/jOIbt2+c/fe1v3hg4ePHj/Z3nl66kxtOUy4KY09z5iDUmqYoMQSzisLTGUlnGUXn7r42SVYJ43+ik0FM8UKLXPJGQbXhM3Nx2S+vRuP497oTZCswe7Ri98/vhFCTuY7g6tUGF4r0MhL5tw0iSuceWZR8hLaYVo7qBi/YAVMA9RMgZv5vtuWvgoeQXNjw9FIe++/GZ4p5xqVBaZiuHDXY51zlKn/hac15h9mXuqqRtB8VSuvS4qGdtNTIS1wLJsAGLcytEv5glnGMexomGpYcqMU 08KnQrQ+Nd3uAH2K8B09TVHqhu6lJeRoZbFAZq1Z7rVtqPQZlnSd3A8nGibC96EPZ6yj+1loccmseBOC3Uv73NfDVEAexOvX4FWj2WXTeltkrQ8SjOJx8j5c7w7bTWJRWAC9QTwYxe0waJlcV+4mOH07TgL+EkQ9JivbIs/JS7JPEnJIjsgxOSETwokkP8kV+RUdRNMoi8SKGg3WOc/IhkXqL0Zp2Ak=</latexit><latexit sha1_base64="SxoeiFIhNm7JxrC6keEJlCFUeik=">AAACs3icbVHLbtQwFPWEVxleLSwRkkWLVKRhlABV2SBVYtMVKhLTVpqMRo5zk7HqR2TfdAhWvoFt+R3+ghW/gpOZBdNyJdt H957r+zhZJYXDOP49iG7dvnP33tb94YOHjx4/2d55eupMbTlMuJHGnmfMgRQaJihQwnllgalMwll28amLn12CdcLor9hUMFOs1KIQnGFwTdjcfEzm27vxOO6N3gTJGuwevfj1nTv552S+M7hKc8NrBRq5ZM5Nk7jCmWcWBZfQDtPaQcX4BSthGqBmCtzM99229FXw5LQwNhyNtPf+m+GZcq5RWWAqhgt3PdY5R5n6X3haY/Fh5oWuagTNV7WKWlI0tJue5sICR9kEwLgVoV3KF8wyjmFHw1TDkhul mM59muetT023O0CfInxDT1MUuqF7qYQCrSgXyKw1y722DZU+w5Kuk/vh8obl4fvQhzPW0f0stLhkNn8Tgt1L+9zXwzSHIojXr8GrRrPLpvW2zFofJBjF4+R9uN4dtpvEsrQAeoN4MIrbYdAyua7cTXD6dpwE/CWIekxWtkWek5dknyTkkByRY3JCJoQTQX6QK/IzOoimURblK2o0WOc8IxsWqb/7DdnK</latexit><latexit sha1_base64="SxoeiFIhNm7JxrC6keEJlCFUeik=">AAACs3icbVHLbtQwFPWEVxleLSwRkkWLVKRhlABV2SBVYtMVKhLTVpqMRo5zk7HqR2TfdAhWvoFt+R3+ghW/gpOZBdNyJdt H957r+zhZJYXDOP49iG7dvnP33tb94YOHjx4/2d55eupMbTlMuJHGnmfMgRQaJihQwnllgalMwll28amLn12CdcLor9hUMFOs1KIQnGFwTdjcfEzm27vxOO6N3gTJGuwevfj1nTv552S+M7hKc8NrBRq5ZM5Nk7jCmWcWBZfQDtPaQcX4BSthGqBmCtzM99229FXw5LQwNhyNtPf+m+GZcq5RWWAqhgt3PdY5R5n6X3haY/Fh5oWuagTNV7WKWlI0tJue5sICR9kEwLgVoV3KF8wyjmFHw1TDkhul mM59muetT023O0CfInxDT1MUuqF7qYQCrSgXyKw1y722DZU+w5Kuk/vh8obl4fvQhzPW0f0stLhkNn8Tgt1L+9zXwzSHIojXr8GrRrPLpvW2zFofJBjF4+R9uN4dtpvEsrQAeoN4MIrbYdAyua7cTXD6dpwE/CWIekxWtkWek5dknyTkkByRY3JCJoQTQX6QK/IzOoimURblK2o0WOc8IxsWqb/7DdnK</latexit><latexit sha1_base64="VbbOOVa9KM0D2B99uNJst6QYZh0=">AAACs3icbVFLb9QwEPaGV1leLRy5WGyRirSsEqAqF6RKXHpCRWLbSpvVyrEnWauxHdmTLpGV38C1/DT+DU6aA9syku1PM99 4Hl9WldJhHP8ZRffuP3j4aOfx+MnTZ89f7O69PHOmthzm3JTGXmTMQSk1zFFiCReVBaayEs6zy69d/PwKrJNG/8CmgqVihZa55AyDa85W5kuy2p3Es7g3ehckA5iQwU5Xe6PrVBheK9DIS+bcIokrXHpmUfIS2nFaO6gYv2QFLALUTIFb+r7blr4NHkFzY8PRSHvvvxmeKecalQWmYrh2t2Odc5qp/4UXNeafl17qqkbQ/KZWXpcUDe2mp0Ja4Fg2ATBuZWiX8jWzjGPY0TjVsOFGKaaFT4VofWq6 3QH6FOEnepqi1A3dT0vI0cpijcxas9lv21DpG2zokNwPJxomwvehD2esowdZaHHDrHgfgt1L+9x341RAHsTr1+BVo9lV03pbZK0PEkzjWfIpXB+P2m1iUVgAvUU8nMbtOGiZ3FbuLjj7MEsC/h5Pjk8GVXfIa/KGHJCEHJFjckJOyZxwIskvck1+R4fRIsoicUONRkPOK7JlkfoLE7HWEA==</latexit>
ao = 2
<latexit sha1_base64="nCodX/JUu6r4Cheza3AEExXKd5g=">AAACs3icbVHbbhMxEHWWWwmXtvCIkCxapCKFaLe0Ki9IlXjpEyoSaStlo+C1ZzdW1/bKnm26WPsNvJbf4S/4G5xNHkjLSLa PZs54LierSukwjv/0onv3Hzx8tPG4/+Tps+ebW9svzpypLYcRN6WxFxlzUEoNI5RYwkVlgamshPPs8vMifn4F1kmjv2FTwUSxQstccobBNWJT82l/urUTD+PO6F2QrMDO8evfP74TQk6n272bVBheK9DIS+bcOIkrnHhmUfIS2n5aO6gYv2QFjAPUTIGb+K7blr4NHkFzY8PRSDvvvxmeKecalQWmYjhzt2ML5yBT/wuPa8w/TrzUVY2g+bJWXpcUDV1MT4W0wLFsAmDcytAu5TNmGcewo36qYc6N UkwLnwrR+tQsdgfoU4Rr9DRFqRu6m5aQo5XFDJm1Zr7btqHSF5jTVXI3nGiYCN+HPpyxju5locU5s+J9CC5e2uW+66cC8iBetwavGs2umtbbImt9kGAQD5ODcH04ateJRWEB9BrxcBC3/aBlclu5u+Bsf5gE/DWIekKWtkFekTdkjyTkiByTE3JKRoQTSX6SG/IrOozGURaJJTXqrXJekjWL1F9ItNgK</latexit><latexit sha1_base64="X7jWnoVPbLWvpQqqQ3l+1qOOa5Y=">AAACs3icbVHLatwwFNW4r9R9JGmXpSCaFFKYDnaakG4KgW6yKil0ksB4GGTp2iOih5HkTFzhb+g2/Z3+RVf9lcqeWXSSXpB 0uPdc3cfJK8GtS5Lfg+je/QcPH208jp88ffZ8c2v7xZnVtaEwplpoc5ETC4IrGDvuBFxUBojMBZznl5+7+PkVGMu1+uaaCqaSlIoXnBIXXGMy05/2Z1s7ySjpDd8F6QrsHL/+9Z1a8ed0tj24yZimtQTlqCDWTtKkclNPjONUQBtntYWK0EtSwiRARSTYqe+7bfHb4GG40CYc5XDv/TfDE2ltI/PAlMTN7e1Y5xzm8n/hSe2Kj1PPVVU7UHRZq6gFdhp302PGDVAnmgAINTy0i+mcGEJd2FGcKVhQ LSVRzGeMtT7T3e7A+czBtfM4c1w1eDcTUDjDy7kjxujFbtuGSl9ggVfJ/XCsISx8H/qw2li8l4cWF8Sw9yHYvbjPfRdnDIogXr8GLxtFrprWmzJvfZBgmIzSg3B9OGrXiWVpANQa8XCYtHHQMr2t3F1wtj9KA/4aRD1BS9tAr9AbtIdSdISO0Qk6RWNEEUc/0A36GR1GkyiP2JIaDVY5L9GaRfIv/VjZyw==</latexit><latexit sha1_base64="X7jWnoVPbLWvpQqqQ3l+1qOOa5Y=">AAACs3icbVHLatwwFNW4r9R9JGmXpSCaFFKYDnaakG4KgW6yKil0ksB4GGTp2iOih5HkTFzhb+g2/Z3+RVf9lcqeWXSSXpB 0uPdc3cfJK8GtS5Lfg+je/QcPH208jp88ffZ8c2v7xZnVtaEwplpoc5ETC4IrGDvuBFxUBojMBZznl5+7+PkVGMu1+uaaCqaSlIoXnBIXXGMy05/2Z1s7ySjpDd8F6QrsHL/+9Z1a8ed0tj24yZimtQTlqCDWTtKkclNPjONUQBtntYWK0EtSwiRARSTYqe+7bfHb4GG40CYc5XDv/TfDE2ltI/PAlMTN7e1Y5xzm8n/hSe2Kj1PPVVU7UHRZq6gFdhp302PGDVAnmgAINTy0i+mcGEJd2FGcKVhQ LSVRzGeMtT7T3e7A+czBtfM4c1w1eDcTUDjDy7kjxujFbtuGSl9ggVfJ/XCsISx8H/qw2li8l4cWF8Sw9yHYvbjPfRdnDIogXr8GLxtFrprWmzJvfZBgmIzSg3B9OGrXiWVpANQa8XCYtHHQMr2t3F1wtj9KA/4aRD1BS9tAr9AbtIdSdISO0Qk6RWNEEUc/0A36GR1GkyiP2JIaDVY5L9GaRfIv/VjZyw==</latexit><latexit sha1_base64="53OVqSqGXx9WhvKe3Ec2WuyT9C4=">AAACs3icbVFLa9wwENa6r3T7SNIeexHdFFLYLnaakF4KgV5yKil0k8B6WWRp7BWxJCONszHCv6HX9Kf131R29tBNOiDpY+Y bzePLqlI6jOM/g+jR4ydPn209H754+er19s7um3Nnasthyk1p7GXGHJRSwxQllnBZWWAqK+Eiu/rWxS+uwTpp9E9sKpgrVmiZS84wuKZsYb4eLHZG8STujT4EyRqMyNrOFruD21QYXivQyEvm3CyJK5x7ZlHyEtphWjuoGL9iBcwC1EyBm/u+25Z+CB5Bc2PD0Uh7778ZninnGpUFpmK4dPdjnXOcqf+FZzXmX+Ze6qpG0PyuVl6XFA3tpqdCWuBYNgEwbmVol/Ils4xj2NEw1bDiRimmhU+FaH1q ut0B+hThBj1NUeqG7qUl5GhlsURmrVnttW2o9B1WdJ3cDycaJsL3oQ9nrKP7WWhxxaz4FILdS/vcj8NUQB7E69fgVaPZddN6W2StDxKM40lyGK7Px+0msSgsgN4gHo3jdhi0TO4r9xCcH0ySgH/Eo5PTtapb5B15T/ZJQo7JCTklZ2RKOJHkF7klv6OjaBZlkbijRoN1zluyYZH6CxX81hE=</latexit>
ao = 3
<latexit sha1_base64="nO8E4TOW86qbuDK/jBDhbqC9v7s=">AAACs3icbVHbbhMxEHW2XEq49MIjQrJokYoUol1KVV6QKvHSJ1Qk0lbKRsFrz26sru2VPduwWPsNvJbf4S/4G5xNHkjLSLaPZs54LierSukwjv/0oo179x883HzUf/zk6bOt7Z3dc2dqy2HETWnsZcYclFLDCCWWcFlZYCor4SK7+rSIX1yDddLor9hUMFGs0DKXnGFwjdjUfDycbu/Fw7gzehckK7B38vL3j2+EkLPpTu8mF YbXCjTykjk3TuIKJ55ZlLyEtp/WDirGr1gB4wA1U+Amvuu2pa+DR9Dc2HA00s77b4ZnyrlGZYGpGM7c7djCOcjU/8LjGvMPEy91VSNovqyV1yVFQxfTUyEtcCybABi3MrRL+YxZxjHsqJ9qmHOjFNPCp0K0PjWL3QH6FOE7epqi1A3dT0vI0cpihsxaM99v21DpM8zpKrkbTjRMhO9DH85YRw+y0OKcWfE2BBcv7XLf9FMBeRCvW4NXjWbXTettkbU+SDCIh8n7cB0et+vEorAAeo14NIjbftAyua3cXXD+bpgE/CWIekqWtklekFfkgCTkmJyQU3JGRoQTSX6SG/IrOorGURaJJTXqrXKekzWL1F9K/9gL</latexit><latexit sha1_base64="gRNMY5UbAarbkyjr+T9GRAvIzC4=">AAACs3icbVHLbtQwFPWkPEp49MESIVm0SEUaRgmlKhukSmy6QkVi2kqT0cixbzJW/Yhsp0Ow8g1sy+/wF6z4FZzMLJiWK9k+uvdc38fJK8GtS5Lfg2jj3v0HDzcfxY+fPH22tb2ze251bSiMqRbaXObEguAKxo47AZeVASJzARf51acufnENxnKtvrqmgqkkpeIFp8QF15jM9MfD2fZeMkp6w3dBugJ7Jy9/fadW/Dmb7QxuM qZpLUE5Koi1kzSp3NQT4zgV0MZZbaEi9IqUMAlQEQl26vtuW/w6eBgutAlHOdx7/83wRFrbyDwwJXFzezvWOYe5/F94Urviw9RzVdUOFF3WKmqBncbd9JhxA9SJJgBCDQ/tYjonhlAXdhRnChZUS0kU8xljrc90tztwPnPwzXmcOa4avJ8JKJzh5dwRY/Riv21Dpc+wwKvkfjjWEBa+D31YbSw+yEOLC2LY2xDsXtznvokzBkUQr1+Dl40i103rTZm3PkgwTEbp+3AdHrfrxLI0AGqNeDRM2jhomd5W7i44fzdKA/4SRD1FS9tEL9ArdIBSdIxO0Ck6Q2NEEUc/0A36GR1FkyiP2JIaDVY5z9GaRfIv/6PZzA==</latexit><latexit sha1_base64="gRNMY5UbAarbkyjr+T9GRAvIzC4=">AAACs3icbVHLbtQwFPWkPEp49MESIVm0SEUaRgmlKhukSmy6QkVi2kqT0cixbzJW/Yhsp0Ow8g1sy+/wF6z4FZzMLJiWK9k+uvdc38fJK8GtS5Lfg2jj3v0HDzcfxY+fPH22tb2ze251bSiMqRbaXObEguAKxo47AZeVASJzARf51acufnENxnKtvrqmgqkkpeIFp8QF15jM9MfD2fZeMkp6w3dBugJ7Jy9/fadW/Dmb7QxuM qZpLUE5Koi1kzSp3NQT4zgV0MZZbaEi9IqUMAlQEQl26vtuW/w6eBgutAlHOdx7/83wRFrbyDwwJXFzezvWOYe5/F94Urviw9RzVdUOFF3WKmqBncbd9JhxA9SJJgBCDQ/tYjonhlAXdhRnChZUS0kU8xljrc90tztwPnPwzXmcOa4avJ8JKJzh5dwRY/Riv21Dpc+wwKvkfjjWEBa+D31YbSw+yEOLC2LY2xDsXtznvokzBkUQr1+Dl40i103rTZm3PkgwTEbp+3AdHrfrxLI0AGqNeDRM2jhomd5W7i44fzdKA/4SRD1FS9tEL9ArdIBSdIxO0Ck6Q2NEEUc/0A36GR1FkyiP2JIaDVY5z9GaRfIv/6PZzA==</latexit><latexit sha1_base64="OxTYgCY1ecmQYq0DKhlw4G/CaAY=">AAACs3icbVFLa9wwENa6r3T7SNIeexHdFFLYLnaTkF4KgV5yKil0k8B6WWRp7BWxJCONszHCv6HX9Kf131R29tBNOiDpY+YbzePLqlI6jOM/g+jR4ydPn209H754+er19s7um3Nnasthyk1p7GXGHJRSwxQllnBZWWAqK+Eiu/rWxS+uwTpp9E9sKpgrVmiZS84wuKZsYb4eLHZG8STujT4EyRqMyNrOFruD21QYXivQyEvm3 CyJK5x7ZlHyEtphWjuoGL9iBcwC1EyBm/u+25Z+CB5Bc2PD0Uh7778ZninnGpUFpmK4dPdjnXOcqf+FZzXmX+Ze6qpG0PyuVl6XFA3tpqdCWuBYNgEwbmVol/Ils4xj2NEw1bDiRimmhU+FaH1qut0B+hThBj1NUeqG7qUl5GhlsURmrVnttW2o9B1WdJ3cDycaJsL3oQ9nrKP7WWhxxaz4FILdS/vcj8NUQB7E69fgVaPZddN6W2StDxKM40lyGK6D43aTWBQWQG8Qj8ZxOwxaJveVewjOP0+SgH/Eo5PTtapb5B15T/ZJQo7JCTklZ2RKOJHkF7klv6OjaBZlkbijRoN1zluyYZH6CxhH1hI=</latexit>
ao = 4
<latexit sha1_base64="9ZAqh4b6+1zb7I/3PqEKKNDQKKE=">AAACs3icbVHbbhMxEHW2XEq49MIjQrJokYoUol1oVV6QKvHSJ1Qk0lbKRsFrz26sru2VPduwWPsNvJbf4S/4G5xNHkjLSLaPZs54LierSukwjv/0oo179x883HzUf/zk6bOt7Z3dc2dqy2HETWnsZcYclFLDCCWWcFlZYCor4SK7+rSIX1yDddLor9hUMFGs0DKXnGFwjdjUfDycbu/Fw7gzehckK7B38vL3j2+EkLPpTu8 mFYbXCjTykjk3TuIKJ55ZlLyEtp/WDirGr1gB4wA1U+Amvuu2pa+DR9Dc2HA00s77b4ZnyrlGZYGpGM7c7djCOcjU/8LjGvMPEy91VSNovqyV1yVFQxfTUyEtcCybABi3MrRL+YxZxjHsqJ9qmHOjFNPCp0K0PjWL3QH6FOE7epqi1A3dT0vI0cpihsxaM99v21DpM8zpKrkbTjRMhO9DH85YRw+y0OKcWfE2BBcv7XLf9FMBeRCvW4NXjWbXTettkbU+SDCIh8lhuN4ft+vEorAAeo14NIjbftAyua3cXXD+bpgE/CWIekqWtklekFfkgCTkmJyQU3JGRoQTSX6SG/IrOorGURaJJTXqrXKekzWL1F9NStgM</latexit><latexit sha1_base64="5ZOjafQejoYqVegHihw2Hku+t+Q=">AAACs3icbVHLbtQwFPWkPEp49MESIVm0SEUaRgm0KhukSmy6QkVi2kqT0cixbzJW/Yhsp0Ow8g1sy+/wF6z4FZzMLJiWK9k+uvdc38fJK8GtS5Lfg2jj3v0HDzcfxY+fPH22tb2ze251bSiMqRbaXObEguAKxo47AZeVASJzARf51acufnENxnKtvrqmgqkkpeIFp8QF15jM9MfD2fZeMkp6w3dBugJ7Jy9/fadW/Dmb7Qx uMqZpLUE5Koi1kzSp3NQT4zgV0MZZbaEi9IqUMAlQEQl26vtuW/w6eBgutAlHOdx7/83wRFrbyDwwJXFzezvWOYe5/F94Urviw9RzVdUOFF3WKmqBncbd9JhxA9SJJgBCDQ/tYjonhlAXdhRnChZUS0kU8xljrc90tztwPnPwzXmcOa4avJ8JKJzh5dwRY/Riv21Dpc+wwKvkfjjWEBa+D31YbSw+yEOLC2LY2xDsXtznvokzBkUQr1+Dl40i103rTZm3PkgwTEbpYbjeH7frxLI0AGqNeDRM2jhomd5W7i44fzdKA/4SRD1FS9tEL9ArdIBSdIxO0Ck6Q2NEEUc/0A36GR1FkyiP2JIaDVY5z9GaRfIvAf3ZzQ==</latexit><latexit sha1_base64="5ZOjafQejoYqVegHihw2Hku+t+Q=">AAACs3icbVHLbtQwFPWkPEp49MESIVm0SEUaRgm0KhukSmy6QkVi2kqT0cixbzJW/Yhsp0Ow8g1sy+/wF6z4FZzMLJiWK9k+uvdc38fJK8GtS5Lfg2jj3v0HDzcfxY+fPH22tb2ze251bSiMqRbaXObEguAKxo47AZeVASJzARf51acufnENxnKtvrqmgqkkpeIFp8QF15jM9MfD2fZeMkp6w3dBugJ7Jy9/fadW/Dmb7Qx uMqZpLUE5Koi1kzSp3NQT4zgV0MZZbaEi9IqUMAlQEQl26vtuW/w6eBgutAlHOdx7/83wRFrbyDwwJXFzezvWOYe5/F94Urviw9RzVdUOFF3WKmqBncbd9JhxA9SJJgBCDQ/tYjonhlAXdhRnChZUS0kU8xljrc90tztwPnPwzXmcOa4avJ8JKJzh5dwRY/Riv21Dpc+wwKvkfjjWEBa+D31YbSw+yEOLC2LY2xDsXtznvokzBkUQr1+Dl40i103rTZm3PkgwTEbpYbjeH7frxLI0AGqNeDRM2jhomd5W7i44fzdKA/4SRD1FS9tEL9ArdIBSdIxO0Ck6Q2NEEUc/0A36GR1FkyiP2JIaDVY5z9GaRfIvAf3ZzQ==</latexit><latexit sha1_base64="H5uM4RbUImSJHe3OnPkn+lLbFyE=">AAACs3icbVFLa9wwENa6r3T7SNIeexHdFFLYLnabkF4KgV5yKgl0k8B6WWRp7BWxJCONszXCv6HX9Kf131R29tBNMiDpY+YbzePLqlI6jOO/g+jR4ydPn209H754+er19s7um3Nnasthyk1p7GXGHJRSwxQllnBZWWAqK+Eiu/rexS+uwTpp9E9sKpgrVmiZS84wuKZsYb4dLHZG8STujd4HyRqMyNpOF7uDm1QYXivQyEv m3CyJK5x7ZlHyEtphWjuoGL9iBcwC1EyBm/u+25Z+CB5Bc2PD0Uh77/8ZninnGpUFpmK4dHdjnXOcqYfCsxrzr3MvdVUjaH5bK69LioZ201MhLXAsmwAYtzK0S/mSWcYx7GiYalhxoxTTwqdCtD413e4AfYrwCz1NUeqG7qUl5GhlsURmrVnttW2o9ANWdJ3cDycaJsL3oQ9nrKP7WWhxxaz4FILdS/vcj8NUQB7E69fgVaPZddN6W2StDxKM40lyEK4vR+0msSgsgN4gHo7jdhi0TO4qdx+cf54kAZ/Fo+OTtapb5B15T/ZJQo7IMTkhp2RKOJHkN7khf6LDaBZlkbilRoN1zluyYZH6BxqS1hM=</latexit>
RLL
<latexit sha1_base64="RuCvRQC6kiqrmKQYHjK5zU+AZoU=">AAACy3icbVHLbhMxFHWGVwmvFJbdWG2RihSiGWhVlpVYwKKggEhblAmRx3NnYtWPke1pGIwXLPgH/oAtfA5/gzPJgrRcyfbRvec+fE9WcWZsHP/pRNeu37h5a+N2987de/cf9DYfnhhVawojqrjSZxkxwJmEkWWWw1mlgYiMw2l2/nIRP70AbZiSH2xTwUSQUrKCUWKDa9rbStsargHO1dy7lBKO3/tP7vjYT3s78SBuDV8FyQ rsHG1/HGKE0HC62fmR5orWAqSlnBgzTuLKThzRllEOvpvWBipCz0kJ4wAlEWAmrp3A48fBk+NC6XCkxa333wxHhDGNyAJTEDszl2MLZz8T/wuPa1u8mDgmq9qCpMteRc2xVXixFZwzDdTyJgBCNQvjYjojmlAbdtdNJcypEoLI3KV5HrakFjsF61ILn63DqWWywbsph8JqVs4s0VrNd70Pnd7CHK+S28/lDclD+TCHUdrgvSyMOCc6fxqCixe3uU+6aQ5FEHUpj2gkuWi802XmXZCgHw+S/XA9P/TrxLLUAHKNeNCPfTdomVxW7io4eTZIAn4XRH2FlraBttA22kMJOkRH6DUaohGi6Bv6iX6h39GbyERfoq9LatRZ5TxCaxZ9/wtY8uGd</latexit><latexit sha1_base64="klb6HnY1YPC9oiwaBAiYpsFwxD0=">AAACy3icbVHLbhMxFHWGVxkeTWDZjdUWqUghmuGhsmBRiQVIFBQQaYsyIfJ47kyseuyR7WkYjBcs2LPkD9jC5/A3OJMsSMuVbB/de+7D96QVZ9pE0Z9OcOnylavXNq6HN27eur3Z7d050rJWFEZUcqlOUqKBMwEjwwyHk0oBKVMOx+np80X8+AyUZlK8N00Fk5IUguWMEuNd0+5W0tawDXAu584mlHD8zn20h4du2t2JBlFr+C KIV2DnYPvDsPf91bPhtNf5kWSS1iUIQznRehxHlZlYogyjHFyY1BoqQk9JAWMPBSlBT2w7gcP3vCfDuVT+CINb778ZlpRaN2XqmSUxM30+tnD20/J/4XFt8qcTy0RVGxB02SuvOTYSL7aCM6aAGt54QKhiflxMZ0QRavzuwkTAnMqyJCKzSZb5LcnFTsHYxMAnY3FimGjwbsIhN4oVM0OUkvNd53ynNzDHq+T2c1lDMl/ez6Gl0ngv9SPOicoe+ODixW3u/TDJIPeiLuUpG0HOGmdVkTrrJehHg/ixvx7tu3ViUSgAsUZ80o9c6LWMzyt3ERw9HMQev/WivkBL20BbaBvtoRjtowP0Eg3RCFH0Ff1Ev9Dv4HWgg8/BlyU16Kxy7qI1C779BYcu4qU=</latexit><latexit sha1_base64="klb6HnY1YPC9oiwaBAiYpsFwxD0=">AAACy3icbVHLbhMxFHWGVxkeTWDZjdUWqUghmuGhsmBRiQVIFBQQaYsyIfJ47kyseuyR7WkYjBcs2LPkD9jC5/A3OJMsSMuVbB/de+7D96QVZ9pE0Z9OcOnylavXNq6HN27eur3Z7d050rJWFEZUcqlOUqKBMwEjwwyHk0oBKVMOx+np80X8+AyUZlK8N00Fk5IUguWMEuNd0+5W0tawDXAu584mlHD8zn20h4du2t2JBlFr+C KIV2DnYPvDsPf91bPhtNf5kWSS1iUIQznRehxHlZlYogyjHFyY1BoqQk9JAWMPBSlBT2w7gcP3vCfDuVT+CINb778ZlpRaN2XqmSUxM30+tnD20/J/4XFt8qcTy0RVGxB02SuvOTYSL7aCM6aAGt54QKhiflxMZ0QRavzuwkTAnMqyJCKzSZb5LcnFTsHYxMAnY3FimGjwbsIhN4oVM0OUkvNd53ynNzDHq+T2c1lDMl/ez6Gl0ngv9SPOicoe+ODixW3u/TDJIPeiLuUpG0HOGmdVkTrrJehHg/ixvx7tu3ViUSgAsUZ80o9c6LWMzyt3ERw9HMQev/WivkBL20BbaBvtoRjtowP0Eg3RCFH0Ff1Ev9Dv4HWgg8/BlyU16Kxy7qI1C779BYcu4qU=</latexit><latexit sha1_base64="uFb7Wdjgp9R5NLIbjm5/s8Xp0ec=">AAACy3icbVHLbhMxFHWGVwmvFJbdWKRIRQrRDA+VZSUWsCioINJWyoTI47kzserHyPY0DMYLFvwDf8AWPoe/wTPJgrRcyfbRvec+fE9WcWZsHP/pRVeuXrt+Y+tm/9btO3fvDbbvHxtVawoTqrjSpxkxwJmEiWWWw2mlgYiMw0l29qqNn5yDNkzJj7apYCZIKVnBKLHBNR/spF0N1wDnauldSgnHH/wnd3jo54NhPI47w5dBsg ZDtLaj+XbvR5orWguQlnJizDSJKztzRFtGOfh+WhuoCD0jJUwDlESAmbluAo8fBU+OC6XDkRZ33n8zHBHGNCILTEHswlyMtc5RJv4Xnta2eDlzTFa1BUlXvYqaY6twuxWcMw3U8iYAQjUL42K6IJpQG3bXTyUsqRKCyNyleR62pNqdgnWphc/W4dQy2eDdlENhNSsXlmitlrveh07vYInXyd3n8obkoXyYwyht8F4WRlwSnT8JwfbFXe7jfppDEURdySMaSc4b73SZeRckGMXj5Hm4nu37TWJZagC5QXwxin0/aJlcVO4yOH46TgJ+Hw8PXq9V3UI76CHaQwnaRwfoDTpCE0TRN/QT/UK/o7eRib5EX1fUqLfOeYA2LPr+F9wo4HI=</latexit>RLL
<latexit sha1_base64="RuCvRQC6kiqrmKQYHjK5zU+AZoU=">AAACy3icbVHLbhMxFHWGVwmvFJbdWG2RihSiGWhVlpVYwKKggEhblAmRx3NnYtWPke1pGIwXLPgH/oAtfA5/gzPJgrRcyfbRvec+fE9WcWZsHP/pRNeu37h5a+N2987de/cf9DYfnhhVawojqrjSZxkxwJmEkWWWw1mlgYiMw2l2/nIRP70AbZiSH2xTwUSQUrKCUWKDa9rbStsargHO1dy7lBKO3/tP7vjYT3s78SBuDV8FyQ rsHG1/HGKE0HC62fmR5orWAqSlnBgzTuLKThzRllEOvpvWBipCz0kJ4wAlEWAmrp3A48fBk+NC6XCkxa333wxHhDGNyAJTEDszl2MLZz8T/wuPa1u8mDgmq9qCpMteRc2xVXixFZwzDdTyJgBCNQvjYjojmlAbdtdNJcypEoLI3KV5HrakFjsF61ILn63DqWWywbsph8JqVs4s0VrNd70Pnd7CHK+S28/lDclD+TCHUdrgvSyMOCc6fxqCixe3uU+6aQ5FEHUpj2gkuWi802XmXZCgHw+S/XA9P/TrxLLUAHKNeNCPfTdomVxW7io4eTZIAn4XRH2FlraBttA22kMJOkRH6DUaohGi6Bv6iX6h39GbyERfoq9LatRZ5TxCaxZ9/wtY8uGd</latexit><latexit sha1_base64="klb6HnY1YPC9oiwaBAiYpsFwxD0=">AAACy3icbVHLbhMxFHWGVxkeTWDZjdUWqUghmuGhsmBRiQVIFBQQaYsyIfJ47kyseuyR7WkYjBcs2LPkD9jC5/A3OJMsSMuVbB/de+7D96QVZ9pE0Z9OcOnylavXNq6HN27eur3Z7d050rJWFEZUcqlOUqKBMwEjwwyHk0oBKVMOx+np80X8+AyUZlK8N00Fk5IUguWMEuNd0+5W0tawDXAu584mlHD8zn20h4du2t2JBlFr+C KIV2DnYPvDsPf91bPhtNf5kWSS1iUIQznRehxHlZlYogyjHFyY1BoqQk9JAWMPBSlBT2w7gcP3vCfDuVT+CINb778ZlpRaN2XqmSUxM30+tnD20/J/4XFt8qcTy0RVGxB02SuvOTYSL7aCM6aAGt54QKhiflxMZ0QRavzuwkTAnMqyJCKzSZb5LcnFTsHYxMAnY3FimGjwbsIhN4oVM0OUkvNd53ynNzDHq+T2c1lDMl/ez6Gl0ngv9SPOicoe+ODixW3u/TDJIPeiLuUpG0HOGmdVkTrrJehHg/ixvx7tu3ViUSgAsUZ80o9c6LWMzyt3ERw9HMQev/WivkBL20BbaBvtoRjtowP0Eg3RCFH0Ff1Ev9Dv4HWgg8/BlyU16Kxy7qI1C779BYcu4qU=</latexit><latexit sha1_base64="klb6HnY1YPC9oiwaBAiYpsFwxD0=">AAACy3icbVHLbhMxFHWGVxkeTWDZjdUWqUghmuGhsmBRiQVIFBQQaYsyIfJ47kyseuyR7WkYjBcs2LPkD9jC5/A3OJMsSMuVbB/de+7D96QVZ9pE0Z9OcOnylavXNq6HN27eur3Z7d050rJWFEZUcqlOUqKBMwEjwwyHk0oBKVMOx+np80X8+AyUZlK8N00Fk5IUguWMEuNd0+5W0tawDXAu584mlHD8zn20h4du2t2JBlFr+C KIV2DnYPvDsPf91bPhtNf5kWSS1iUIQznRehxHlZlYogyjHFyY1BoqQk9JAWMPBSlBT2w7gcP3vCfDuVT+CINb778ZlpRaN2XqmSUxM30+tnD20/J/4XFt8qcTy0RVGxB02SuvOTYSL7aCM6aAGt54QKhiflxMZ0QRavzuwkTAnMqyJCKzSZb5LcnFTsHYxMAnY3FimGjwbsIhN4oVM0OUkvNd53ynNzDHq+T2c1lDMl/ez6Gl0ngv9SPOicoe+ODixW3u/TDJIPeiLuUpG0HOGmdVkTrrJehHg/ixvx7tu3ViUSgAsUZ80o9c6LWMzyt3ERw9HMQev/WivkBL20BbaBvtoRjtowP0Eg3RCFH0Ff1Ev9Dv4HWgg8/BlyU16Kxy7qI1C779BYcu4qU=</latexit><latexit sha1_base64="uFb7Wdjgp9R5NLIbjm5/s8Xp0ec=">AAACy3icbVHLbhMxFHWGVwmvFJbdWKRIRQrRDA+VZSUWsCioINJWyoTI47kzserHyPY0DMYLFvwDf8AWPoe/wTPJgrRcyfbRvec+fE9WcWZsHP/pRVeuXrt+Y+tm/9btO3fvDbbvHxtVawoTqrjSpxkxwJmEiWWWw2mlgYiMw0l29qqNn5yDNkzJj7apYCZIKVnBKLHBNR/spF0N1wDnauldSgnHH/wnd3jo54NhPI47w5dBsg ZDtLaj+XbvR5orWguQlnJizDSJKztzRFtGOfh+WhuoCD0jJUwDlESAmbluAo8fBU+OC6XDkRZ33n8zHBHGNCILTEHswlyMtc5RJv4Xnta2eDlzTFa1BUlXvYqaY6twuxWcMw3U8iYAQjUL42K6IJpQG3bXTyUsqRKCyNyleR62pNqdgnWphc/W4dQy2eDdlENhNSsXlmitlrveh07vYInXyd3n8obkoXyYwyht8F4WRlwSnT8JwfbFXe7jfppDEURdySMaSc4b73SZeRckGMXj5Hm4nu37TWJZagC5QXwxin0/aJlcVO4yOH46TgJ+Hw8PXq9V3UI76CHaQwnaRwfoDTpCE0TRN/QT/UK/o7eRib5EX1fUqLfOeYA2LPr+F9wo4HI=</latexit>
T LR
<latexit sha1_base64="e9JKSmfr8OIO5Pb1LfXCR1C5rII=">AAACy3icbVHLbhMxFHWGVwmvFJbdWG2RihSiGWhVlpVYwAJQQE1blAmRx3NnYtWPke1pGIwXLPgH/oAtfA5/gzPJgrRcyfbRvec+fE9WcWZsHP/pRNeu37h5a+N2987de/cf9DYfnhhVawojqrjSZxkxwJmEkWWWw1mlgYiMw2l2/nIRP70AbZiSx7apYCJIKVnBKLHBNe1tpW0N1wDnau5dSgnHx/6Te/PBT3s78SBuDV8FyQ rsHG1/HGKE0HC62fmR5orWAqSlnBgzTuLKThzRllEOvpvWBipCz0kJ4wAlEWAmrp3A48fBk+NC6XCkxa333wxHhDGNyAJTEDszl2MLZz8T/wuPa1u8mDgmq9qCpMteRc2xVXixFZwzDdTyJgBCNQvjYjojmlAbdtdNJcypEoLI3KV5HrakFjsF61ILn63DqWWywbsph8JqVs4s0VrNd70Pnd7BHK+S28/lDclD+TCHUdrgvSyMOCc6fxqCixe3uU+6aQ5FEHUpj2gkuWi802XmXZCgHw+S/XA9P/TrxLLUAHKNeNCPfTdomVxW7io4eTZIAn4fRH2FlraBttA22kMJOkRH6DUaohGi6Bv6iX6h39HbyERfoq9LatRZ5TxCaxZ9/wtrXOGl</latexit><latexit sha1_base64="17y5sC11wvSVGWiaFHFVtDYa5t0=">AAACy3icbVHLbhMxFHWGVxkeTWDZjdUWqUghmuGhsmBRiQVIPBRQ0xZlQuTx3JlY9WNkexoGMwsW7FnyB2zhc/gbnEkWpOVKto/uPffhe9KSM2Oj6E8nuHT5ytVrG9fDGzdv3d7s9u4cGVVpCiOquNInKTHAmYSRZZbDSamBiJTDcXr6fBE/PgNtmJKHti5hIkghWc4osd417W4lbQ1XA+dq3riEEo4Pm4/u9ftm2t2JBlFr+C KIV2DnYPvDsPf91bPhtNf5kWSKVgKkpZwYM46j0k4c0ZZRDk2YVAZKQk9JAWMPJRFgJq6doMH3vCfDudL+SItb778ZjghjapF6piB2Zs7HFs5+Kv4XHlc2fzpxTJaVBUmXvfKKY6vwYis4Yxqo5bUHhGrmx8V0RjSh1u8uTCTMqRKCyMwlWea3pBY7BesSC5+sw4llssa7CYfcalbMLNFazXebxnd6C3O8Sm4/l9Uk8+X9HEZpg/dSP+Kc6OyBDy5e3ObeD5MMci/qUh5RS3JWN04XaeO8BP1oED/216P9Zp1YFBpArhGf9KMm9FrG55W7CI4eDmKP33lRX6ClbaAttI32UIz20QF6iYZohCj6in6iX+h38CYwwefgy5IadFY5d9GaBd/+ApmY4q0=</latexit><latexit sha1_base64="17y5sC11wvSVGWiaFHFVtDYa5t0=">AAACy3icbVHLbhMxFHWGVxkeTWDZjdUWqUghmuGhsmBRiQVIPBRQ0xZlQuTx3JlY9WNkexoGMwsW7FnyB2zhc/gbnEkWpOVKto/uPffhe9KSM2Oj6E8nuHT5ytVrG9fDGzdv3d7s9u4cGVVpCiOquNInKTHAmYSRZZbDSamBiJTDcXr6fBE/PgNtmJKHti5hIkghWc4osd417W4lbQ1XA+dq3riEEo4Pm4/u9ftm2t2JBlFr+C KIV2DnYPvDsPf91bPhtNf5kWSKVgKkpZwYM46j0k4c0ZZRDk2YVAZKQk9JAWMPJRFgJq6doMH3vCfDudL+SItb778ZjghjapF6piB2Zs7HFs5+Kv4XHlc2fzpxTJaVBUmXvfKKY6vwYis4Yxqo5bUHhGrmx8V0RjSh1u8uTCTMqRKCyMwlWea3pBY7BesSC5+sw4llssa7CYfcalbMLNFazXebxnd6C3O8Sm4/l9Uk8+X9HEZpg/dSP+Kc6OyBDy5e3ObeD5MMci/qUh5RS3JWN04XaeO8BP1oED/216P9Zp1YFBpArhGf9KMm9FrG55W7CI4eDmKP33lRX6ClbaAttI32UIz20QF6iYZohCj6in6iX+h38CYwwefgy5IadFY5d9GaBd/+ApmY4q0=</latexit><latexit sha1_base64="Ct2l17GFXU5DsYdlPQs4HdrLAss=">AAACy3icbVHLbhMxFHWGVwmvFJbdWKRIRQrRDA+VZSUWsABUUNNWyoTI47kzserHyPY0DMYLFvwDf8AWPoe/wTPJgrRcyfbRvec+fE9WcWZsHP/pRVeuXrt+Y+tm/9btO3fvDbbvHxtVawoTqrjSpxkxwJmEiWWWw2mlgYiMw0l29qqNn5yDNkzJI9tUMBOklKxglNjgmg920q6Ga4BztfQupYTjI//Jvf3o54NhPI47w5dBsg ZDtLbD+XbvR5orWguQlnJizDSJKztzRFtGOfh+WhuoCD0jJUwDlESAmbluAo8fBU+OC6XDkRZ33n8zHBHGNCILTEHswlyMtc5RJv4Xnta2eDlzTFa1BUlXvYqaY6twuxWcMw3U8iYAQjUL42K6IJpQG3bXTyUsqRKCyNyleR62pNqdgnWphc/W4dQy2eDdlENhNSsXlmitlrveh07vYYnXyd3n8obkoXyYwyht8F4WRlwSnT8JwfbFXe7jfppDEURdySMaSc4b73SZeRckGMXj5Hm4nu37TWJZagC5QXwxin0/aJlcVO4yOH46TgL+EA8PXq9V3UI76CHaQwnaRwfoDTpEE0TRN/QT/UK/o3eRib5EX1fUqLfOeYA2LPr+F+6S4Ho=</latexit>T LR
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FIG. 6. The same as in Fig. 5 but an incident electron is in R-
segment and gets transmitted to L segment with probability
T RL0ao,0a and reflected back with probability RRR0ao,0a.
wavelength scales as λz ∼ E−1/2z . Our estimate shows
that the values of Ez = 0.1 eV, 1.0 eV, and 3.0 eV corre-
sponds to λz = 3.3 nm, 1.0 nm, and 0.6 nm, respectively.
Taking into account that the length of the C-segment is
set to 0.5 nm, the variation of the kinetic energy in the
range from 0 eV to 1.0 eV results in the electron wave-
length values exceeding the region size and making the
interference effect negligible. The variation of energy ki-
netic between 1 eV and 3 eV results in the wave length
changes from twice to single C-segment length. In this
case a slow modulation of the transmission and reflection
probabilities occurs as observed in the plot.
To summarize, our analysis shows that, for the adopted
parameters, efficient transmission through the NW junc-
tion occurs between subbands which are very close in en-
ergy. An efficient reflection typically happens for small
values of kinetic energy. For electron kinetic energy of
hundreds meV and below, the quantum interference has
weak effect on the transmission and reflection coefficients
provided the size of the interference region is about the
electron mean free path. The quantum interference be-
comes important if Ez & 1 eV.
B. Nanotip emission
Using the formalism developed in Sec. II B, we model
electron emission from the NW segment terminating a
nanotip. The surface potential is adopted to have the
form
V (z) = χ− F (z − z0), (27)
for z > z0 with χ being the electron affinity and F being
the amplitude of an external electric field applied along
z-axis. For the diamond surface terminating the NW at
z0 we set χ = 0.3 eV.
29 The external electric field values
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FIG. 7. Calculated transmission coefficient Tna for the elec-
tron emission as a function of its kinetic energy Ez in the
presence of an external electric field F with the values speci-
fied in the insets.
are varied within the range of F = 5 MeV to 20 MeV. For
these values, the length of the emission region, zv − z0 =
χ/F , varies between 60 nm and 15 nm, respectively.
Left column of Fig. 7 shows calculated transmission co-
efficients for the electron emission from subbands char-
acterized by the angular quantum number n = 0 and
the radial quantum numbers a = 1, 2. In the case of
T01, the curves pick up fast oscillatory behavior around
Ez = 0.2 eV indicating that the electron experiences scat-
tering at the very top of the potential barrier. Taking into
account that the electron affinity is χ = 0.3 eV, a source
of the energy shift ∆E01 = χ − Ez ∼ 0.1 eV allowing
the electron to clear the surface potential barrier needs
clarification.
The energy dependance of transmission (Eq. (24)) and
reflection (Eq. (25)) coefficients within the emission re-
gion is determined by transfer matrix in the form of
Eqs. (19)–(20) that depends on the electron wavevector,
kjna, given by Eq. (21). Taking into account that the
energy is conserved during the emission, we substitute
Eq. (17) into Eq. (21). This results in
kjna =
√
2me
~2
(Ez + ∆Ena − V (zj)), (28)
where Ez denotes the incident electron kinetic energy
within {n, a} subband, V (zj) is the surface potential
value at specified coordinate, and
∆Ena =
[
1− m
∗
t
me
]
~2κ2na
2m∗t
(29)
is the energy shift due to the quantized band energy re-
sulting from the electron mass mismatch at the interface.
The effect of the effective mass mismatch has already
been examined for the bulk-vacuum interface in relation
with the transverse momentum conservation.29 Below,
we examine new consequences of this effect rising fomr
the band quantization.
If the wave vector (Eq. (28)) is imaginary, the elec-
tron tunnels under the barrier. Once it becomes real,
the electron clears top of the barrier and the transmission
coefficient acquires an oscillatory behavior. According to
Eq. (28), either real or imaginary value of the wavevector
depends on whether the incident electron kinetic energy,
Ez, is larger or smaller than the effective potential energy
barrier V (zj)−∆Ena. According to Eq. (29), the contri-
bution of ∆Ena to the effective potential can be zero if
m∗l = me. If m
∗
l < me or m
∗
l > me then ∆Ena acquires
either positive sign (decreasing the potential barrier) or
negative sign (increasing the potential barrier).
In the adopted case of diamond NW, m∗t = 0.36me
resulting in positive values of ∆Ena. Specifically,
∆Ena=0.1 eV shifts the emission energy threshold to
Ez = 200 meV as observed in Fig. 7 for T01. For the case
of T11, the quantized energy contribution is even higher,
∆E11 = 0.25 eV, further shifting the barrier crossing
threshold to ∼ 50 meV. The values of ∆E02 = 0.52 eV
and ∆E12 = 0.84 eV exceed the electron affinity, χ =
0.3 eV resulting in the fast oscillatory rise of the T02 and
T12 starting at Ez = 0 as clearly seen in the lower panels
of Fig. 7.
IV. ELECTRON TRANSPORT AND EMISSION
SIMULATIONS
In this section, we discuss the results of our electron
transport and emission simulations performed for a min-
imal nanotip model. Following generic representation of
a nanotip in Fig. 1, we narrow down the model to two
NW segments, namely L and R connected via a single
nanojunction. Adopted L and R NW segment radii are
defined in Sec. III as ρL = 3.0 nm and ρR = 2.0 nm, re-
spectively. The length of each segment is set to zL−zi =
z0 − zR = 100 nm, where zi (z0) is the coordinate of the
left (right) end of L (R) NW segment. In our minimal
model, the electrons are emitted from the right end of
segment R characterized by coordinate z0.
To perform electron transport simulations, a bulk MC
device simulation code36 was modified to run 1D trajec-
tories within quantized subbands. Following Ref. [37],
we implemented a model for electron scattering by the
acoustic and optical phonons in NWs. This model along
with the bulk electron-phonon scattering model is briefly
summarized in Appendix C. In all simulations discussed
below, electrons with the kinetic energy satisfying the
Boltzmann distribution at temperature of 300 K are in-
jected into a single subband at the left end of segment
L (at zi). An external electric field F = 20 MV/m is
applied along z-axis. The field value is set larger than a
typical field applied in an experiment to partially account
for the geometric field enhancement effect. Since we fo-
cus on the quantum-size effects, the space charge effect is
not included in the simulations. Using bulk value of the
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FIG. 8. Normalized subband population distribution for elec-
trons (a) transmitted through the junction (dashed line),
emitted to the vacuum (solid line), and (b) reflected back
to initial point zi during 3 ps transport simulation with the
phonon scattering turned off. Electrons are initially injected
into n = 1 and a = 2 subband. The scattering does not
change quantum number n. Lines are a guide for the eye.
diamond DC dielectric constant  = 5.7, the field inside
is estimated to be FNW = 3.57 MV/m. Trajectory run
time is chosen such that all electrons are either emitted
or reflected back to the injection point.
Electron quantum scattering at the L-R junction and
the electron emission and reflection at z0 are accounted
for via transmission and reflection coefficients introduced
above with the same parameters as used in Sec. III. An
electron reaching the L-R nanojunction during the MC
simulation can cross the junction during a free-flight step.
In this case, the transmission and reflection probabilities
are cumulated and renormalized for all possible scatter-
ings across the junction into various outgoing quantum
states. A random number is generated and compared
to the range of the cumulated probability corresponding
to each possible scattering selecting the outgoing quan-
tum states. The electron is then either transmitted or
reflected, i.e., placed either at zR or zL coordinate de-
pending on the scattering direction. Its kinetic energy
is updated to conserve the total energy. For the case of
electron emission and reflection at the right end of R-
segment, the similar algorithm is applied.
A. Transport without electron-phonon scattering
To clarify the effect of the nanojunction and the emis-
sion region scattering, results of the simulations per-
formed with the phonon scattering turned off are dis-
cussed first. The electrons are initially injected into
the n = 1 and a = 2 subband whose bottom energy
~2κ212/2m∗t ' 0.58 eV (Fig. 4). Subsequently, 3 ps tra-
jectories are run and the electron population and energy
distributions are recorded at different sampling points.
The subband population distribution normalized per
total number of injected electrons sampled at the exits of
the nanojunction, zR, and the emission region, zv, as well
as at the injection coordinate, zi, are given in Fig. 8. Re-
member that the angular momentum conservation during
the scattering processes preserves the quantum number
n = 1. Panel (a) shows that during the course of simu-
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FIG. 9. (a) Kinetic energy, Ez, distribution for the elec-
trons moving forward sampled at the injection point zi, at
the nanojunction boundaries zL and zR, and at the emission
region boundaries z0 and zv. (b) Total energy, E, distribu-
tion for the injected, reflected, and emitted electrons. Here,
f(z) denotes the electron distribution function summed over
all populated subbands whereas f11(z) stands for the distri-
bution function associated with the n = 1, a = 1 subband.
The same electron trajectories as in Fig. 8 are used to obtain
the energy distributions.
lation 40% of injected electrons (dashed line) are trans-
mitted through the junction into a single n = 1, a = 1
subband of NW segment R and subsequently emitted to
vacuum. According to panel (b), electrons reflected back
to the injection point, zi, populate the subbands a = 1, 2.
This observation is in agreement with the discussion in
Sec. III identifying that the junction scattering occurs
within a narrow subband distribution.
Distributions of the kinetic energy, Ez, for the forward
moving electrons at different points of the nanotip are
shown in Fig. 9 (a). Each distribution has the form of
Boltzmann function and is energy upshifted from the ini-
tial distribution, f(zi). The shape of each distribution
is preserved because of the vanishing dependance of the
transmission coefficients on the energy within the distri-
bution width and lack of the electron-phonon scattering.
The kinetic energy shift of 0.35 eV between distributions
at the injection point, zi, and the nanojunction entrance,
zL, as well as between the point of the nanojunction exit,
zR, and the emission region entrance, z0, reflects elec-
trons acceleration by the external electric field.
The kinetic energy difference of ∼ 0.2 eV for the distri-
butions describing electrons entering, f(zL), and exiting,
f(zR), the L-R-junction is the energy difference between
the n = 1, a = 2 subband in L-segment and the n = 1,
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FIG. 10. Normalized subband population distribution for the
electrons (a) approached the nanojunction (dashed line) and
emitted to vacuum (solid line), (b) transmitted through the
junction (dashed line) and emitted (solid line) to vacuum,
and (c) reflected back to initial point zi during 4 ps transport
simulation accounting for the phonon scattering. Electrons
are initially injected into the n = 1 and a = 2 subband. In
(a)–(c) the population is summed over the angular quantum
number n. Panels (d)–(f) provide population distributions
at the same sampling points as in (a)–(c), respectively, but
as a function of n and are summed over the radial quantum
number a. Lines are a guide for the eye.
a = 1 subband of R-segment. For the electrons entering,
f(z0), and exiting, f(zv), the emission region, the shift
in the kinetic energy is determined by the momentum
variation provided by Eqs. (16) and (17). Notice that
the electron kinetic energy distribution at the entrance
to the emission region, f(z0), (red) peaks ∼ 0.9 eV which
is above the potential barrier (χ = 0.3 eV). Accordingly,
all electrons entering the emission region clear the barrier
as can be seen in Fig. 8a.
The total energy, E, distributions for the electrons
emitted to vacuum and reflected back are shown in
Fig. 9 (b). Specifically, the energy distribution for all
emitted electrons (solid orange line) is compared with the
distribution of electrons emitted from n = 1, a = 1 sub-
band (orange crosses). The distributions coincide which
is in agreement with Fig. 8 (a) showing that the emission
occurs solely from n = 1, a = 1 subband. Although the
electrons scattered back are distributed between n = 1,
a = 1, 2 subbands (Fig. 8 (b)), the coincidence between
the total energy distribution for all electrons scattered
back (solid black line) and their initial distribution (grey
dots) in Fig. 9 (b) reflects conservation of the total energy
(i.e., the absence of the dissipation processes). The up-
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FIG. 11. (a) Kinetic energy, Ez, distribution for the elec-
trons moving forward sampled at the injection point zi, at
the nanojunction boundaries zL and zR, and at the emission
region boundaries z0 and zv. (b) Total energy, E, distribution
for the injected and emitted electrons. No reflected electron
energy distribution is shown due to very small number of the
reflected electrons [Fig. 10 (c) and (f)]. Here, f(z) denotes
the electron distribution function summed over all populated
subbands whereas f01(z) stands for the distribution function
associated with the n = 0, a = 1 subband. The same elec-
trons trajectories as in Fig. 10 are used to obtain the energy
distributions.
shift of 0.7 eV between the emitted and injected/reflected
energy distribution is due to the electron acceleration by
the external electric field.
B. Transport with electron-phonon scattering
Given the same, n = 1, a = 2, initial conditions, we
now turn the electron-phonon scattering on and examine
associated electron trajectories which were run on the
timescale of 4 ps. The normalized electron population
distributions are presented in Fig. 10. Since the electron-
phonon scattering processes do not conserve electron an-
gular momentum, the population distributions are pre-
sented as functions of the radial and angular quantum
numbers. Panels (a) and (d) clearly show that during the
transport through L-segment, the phonons cause popu-
lation relaxation down to subbands n = 1, a = 1 and
n = 0, a = 1. According to panels (b) and (e), elec-
tron transmission through the nanojunction occurs to the
same subbands. In particular n is preserved due to the
momentum conservation by the nanojunction scattering.
While moving through R-segment, electrons further re-
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(a)
<latexi t sha1_base64 ="QK2IEZ/8uQD jawRACbzxf+B f4qk=">AAACsX icbVHdbtMwFHb D3yg/6+CSG4sN qZNKlTDQdjmJG 67QJug21FTDcU 5Sq7Ed2SfrIiu PwC3wOLwGb8E j4KS9oBtHsv3p nO/4/HxJWQiLY fi7F9y5e+/+g6 2H/UePnzzdHuw 8O7O6MhwmXBfa XCTMQiEUTFBgA RelASaTAs6Tx fs2fn4FxgqtPm NdwkyyXIlMcIb e9WnI9i8Hu+E4 7IzeBtEa7B4PT v/8IoScXO70fs ap5pUEhbxg1k6 jsMSZYwYFL6D px5WFkvEFy2Hq oWIS7Mx1vTb0l fekNNPGH4W08/ 6b4Zi0tpaJZ0q Gc3sz1jpHifxf eFphdjRzQpUVg uKrWllVUNS0n Z2mwgDHovaAcS N8u5TPmWEc/Yb 6sYIl11Iylbo4 TRsX63ZzgC5Gu EZHYxSqpntxAR kakc+RGaOXe03 jK32EJV0nd8O lNUv9974Pq42l w8S3uGQmfe2D7 Uu73P1+nELmpe vW4GSt2FXdOJM njfMSjMJx9NZf B4fNJjHPDYDaI L4bhU3faxndV O42OHszjqJxdO pFDcnKtsgL8pI MSUQOyTH5QE7I hHCSk2/kO/kRH ARfgq9BsqIGvX XOc7JhweIvkDb XSw==</latex it><latexi t sha1_base64 ="Sri51rRuthg VXEYytTZzCUO BR8g=">AAACsX icbVHdbtMwFHb D3yh/HdzBjcWG 1EmlShhoXE7ih guENkG3oaYajn OSWo3tyD5Ziaw 8AeIWeB+egrf gEXDSXtCNI9n+ dM53fH6+pCyEx TD83QuuXb9x89 bW7f6du/fuPxh sPzyxujIcJlwX 2pwlzEIhFExQY AFnpQEmkwJOk 8WbNn56AcYKrT 5iXcJMslyJTHC G3vVhyPbOBzvh OOyMXgXRGuwcD o7//Hr3+OvR+X bvZ5xqXklQyAt m7TQKS5w5ZlD wApp+XFkoGV+w HKYeKibBzlzXa 0OfeU9KM238UU g7778Zjklra5l 4pmQ4t5djrXOU yP+FpxVmr2dOq LJCUHxVK6sKi pq2s9NUGOBY1B 4wboRvl/I5M4y j31A/VrDkWkqm UhenaeNi3W4O0 MUIX9DRGIWq6W 5cQIZG5HNkxuj lbtP4Su9hSdf J3XBpzVL/ve/D amPpMPEtLplJn /tg+9Iud68fp5 B56bo1OFkrdlE 3zuRJ47wEo3Ac vfTX/kGzScxzA 6A2iK9GYdP3W kaXlbsKTl6Mo2 gcHXtRQ7KyLfK EPCVDEpEDckje kiMyIZzk5Bv5T n4E+8Gn4HOQrK hBb53ziGxYsPg Lk7/YPw==</l atexit><latexi t sha1_base64 ="Sri51rRuthg VXEYytTZzCUO BR8g=">AAACsX icbVHdbtMwFHb D3yh/HdzBjcWG 1EmlShhoXE7ih guENkG3oaYajn OSWo3tyD5Ziaw 8AeIWeB+egrf gEXDSXtCNI9n+ dM53fH6+pCyEx TD83QuuXb9x89 bW7f6du/fuPxh sPzyxujIcJlwX 2pwlzEIhFExQY AFnpQEmkwJOk 8WbNn56AcYKrT 5iXcJMslyJTHC G3vVhyPbOBzvh OOyMXgXRGuwcD o7//Hr3+OvR+X bvZ5xqXklQyAt m7TQKS5w5ZlD wApp+XFkoGV+w HKYeKibBzlzXa 0OfeU9KM238UU g7778Zjklra5l 4pmQ4t5djrXOU yP+FpxVmr2dOq LJCUHxVK6sKi pq2s9NUGOBY1B 4wboRvl/I5M4y j31A/VrDkWkqm UhenaeNi3W4O0 MUIX9DRGIWq6W 5cQIZG5HNkxuj lbtP4Su9hSdf J3XBpzVL/ve/D amPpMPEtLplJn /tg+9Iud68fp5 B56bo1OFkrdlE 3zuRJ47wEo3Ac vfTX/kGzScxzA 6A2iK9GYdP3W kaXlbsKTl6Mo2 gcHXtRQ7KyLfK EPCVDEpEDckje kiMyIZzk5Bv5T n4E+8Gn4HOQrK hBb53ziGxYsPg Lk7/YPw==</l atexit><latexi t sha1_base64 ="Sri51rRuthg VXEYytTZzCUO BR8g=">AAACsX icbVHdbtMwFHb D3yh/HdzBjcWG 1EmlShhoXE7ih guENkG3oaYajn OSWo3tyD5Ziaw 8AeIWeB+egrf gEXDSXtCNI9n+ dM53fH6+pCyEx TD83QuuXb9x89 bW7f6du/fuPxh sPzyxujIcJlwX 2pwlzEIhFExQY AFnpQEmkwJOk 8WbNn56AcYKrT 5iXcJMslyJTHC G3vVhyPbOBzvh OOyMXgXRGuwcD o7//Hr3+OvR+X bvZ5xqXklQyAt m7TQKS5w5ZlD wApp+XFkoGV+w HKYeKibBzlzXa 0OfeU9KM238UU g7778Zjklra5l 4pmQ4t5djrXOU yP+FpxVmr2dOq LJCUHxVK6sKi pq2s9NUGOBY1B 4wboRvl/I5M4y j31A/VrDkWkqm UhenaeNi3W4O0 MUIX9DRGIWq6W 5cQIZG5HNkxuj lbtP4Su9hSdf J3XBpzVL/ve/D amPpMPEtLplJn /tg+9Iud68fp5 B56bo1OFkrdlE 3zuRJ47wEo3Ac vfTX/kGzScxzA 6A2iK9GYdP3W kaXlbsKTl6Mo2 gcHXtRQ7KyLfK EPCVDEpEDckje kiMyIZzk5Bv5T n4E+8Gn4HOQrK hBb53ziGxYsPg Lk7/YPw==</l atexit><latexi t sha1_base64 ="Ob40YhlWGNb DVoSAIDDu/Fw W9sE=">AAACsX icbVFLb9QwEPa GVwmvFo5cLLZI W2lZJRRUjpW4c EJFsG3RZlUcZ5 K1NrYje9IlsvI TuAJ/jX+Dk+b Atoxk+9PMN57H l1alsBhFf0bBr dt37t7buR8+eP jo8ZPdvaenVte Gw5zrUpvzlFko hYI5CizhvDLAZ FrCWbp+38XPL sFYodUXbCpYSl YokQvO0Ls+T9j Bxe44mkW90Zsg HsCYDHZysTf6n WSa1xIU8pJZu4 ijCpeOGRS8hDZ MagsV42tWwMJ DxSTYpet7belL 78loro0/Cmnv/ TfDMWltI1PPlA xX9nqsc05T+b/ wosb83dIJVdUI il/VyuuSoqbd7 DQTBjiWjQeMG +HbpXzFDOPoNx QmCjZcS8lU5pI sa12iu80BugTh OzqaoFAN3U9Ky NGIYoXMGL3Zb1 tf6SNs6JDcD5c 1LPPf+z6sNpZ OUt/ihpnslQ92 L+1zD8Ikg9xL1 6/ByUaxy6Z1pk hb5yWYRrP4jb8 Oj9ptYlEYALVF fDuN2tBrGV9X7 iY4fT2L41n8K RofR4OqO+Q5eU EmJCZH5Jh8ICd kTjgpyA/yk/wK DoOvwbcgvaIGo yHnGdmyYP0Xo1 rU+g==</latex it>
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<latexit sha1_ base64="21+pTm/yYVBZNY8S0/l uses26r8=">AAACr3icbVHLbtQw FPWEVwmvFpZsLKZIRRpGCQ+VHSO xYYVaielUmgzFcW4yVmM7sm86BC tfwBYkPoSfYcmf4GRmwbRcyfbRO ff6vtKqFBaj6PcguHb9xs1bO7fD O3fv3X+wu/fwxOracJhyXWpzmjI LpVAwRYElnFYGmExLmKXn7zp9dg HGCq0+YlPBQrJCiVxwhp46Zme7w 2gc9UavgngDhm9/ff0zIYQcne0N fiaZ5rUEhbxk1s7jqMKFYwYFL6E Nk9pCxfg5K2DuoWIS7ML1lbb0qWc ymmvjj0Las/9GOCatbWTqPSXDpb 2sdeQolf+T5zXmbxZOqKpGUHydK 69Lipp2ndNMGOBYNh4wboQvl/Il M4yjn0+YKFhxLSVTmUuyrHWJ7uY G6BKEL+hogkI1dD8pIUcjiiUyY/ Rqv219pg+wopvgvrmsYZn/3tdht bH0IPUlrpjJnnuxe2kf+yxMMsj9 4voxONkodtG0zhRp6/wKRtE4fuW vl4fttmNRGAC15fh6FLWh32V8eX NXwcmLcRyP4+NoOInI2nbIY/KEH JCYHJIJeU+OyJRwAuQb+U5+BHEw Cz4Fn9euwWAT84hsWSD+Ag4A1yM =</latexit><latexit sha1_ base64="vEjEiV9H5NPUF2+LkbJ 0TEmvJAU=">AAACr3icbVHLbtQw FPWEVxkebYEdG4spUpGGUUKLyo5 KLGCFWonpVJoMxXFuMlZjO7JvOg QrX8AWJL6CFT/Dkj/BycyCabmS7 aNz7vV9JWUhLIbh715w7fqNm7c2 bvfv3L13f3Nr+8GJ1ZXhMOa60OY 0YRYKoWCMAgs4LQ0wmRQwSc7ftP rkAowVWn3AuoSZZLkSmeAMPXXMz rYG4SjsjF4F0QoMXv/68uftz0fu 6Gy79yNONa8kKOQFs3YahSXOHDM oeAFNP64slIyfsxymHiomwc5cV2l Dn3ompZk2/iikHftvhGPS2lom3l MynNvLWksOE/k/eVph9mrmhCorB MWXubKqoKhp2zlNhQGORe0B40b4 cimfM8M4+vn0YwULrqVkKnVxmjY u1u3cAF2M8BkdjVGomu7EBWRoRD 5HZoxe7DSNz/QeFnQV3DWX1iz13 /s6rDaW7ia+xAUz6XMvti/tYp/1 4xQyv7huDE7Wil3UjTN50ji/gmE 4ivb9tXfQrDvmuQFQa44vh2HT97 uMLm/uKjh5MYqiUXQcDg5DsrQN8 pg8IbskIgfkkLwjR2RMOAHylXwj 34MomAQfg09L16C3inlI1iwQfwG 7E9hn</latexit><latexit sha1_ base64="vEjEiV9H5NPUF2+LkbJ 0TEmvJAU=">AAACr3icbVHLbtQw FPWEVxkebYEdG4spUpGGUUKLyo5 KLGCFWonpVJoMxXFuMlZjO7JvOg QrX8AWJL6CFT/Dkj/BycyCabmS7 aNz7vV9JWUhLIbh715w7fqNm7c2 bvfv3L13f3Nr+8GJ1ZXhMOa60OY 0YRYKoWCMAgs4LQ0wmRQwSc7ftP rkAowVWn3AuoSZZLkSmeAMPXXMz rYG4SjsjF4F0QoMXv/68uftz0fu 6Gy79yNONa8kKOQFs3YahSXOHDM oeAFNP64slIyfsxymHiomwc5cV2l Dn3ompZk2/iikHftvhGPS2lom3l MynNvLWksOE/k/eVph9mrmhCorB MWXubKqoKhp2zlNhQGORe0B40b4 cimfM8M4+vn0YwULrqVkKnVxmjY u1u3cAF2M8BkdjVGomu7EBWRoRD 5HZoxe7DSNz/QeFnQV3DWX1iz13 /s6rDaW7ia+xAUz6XMvti/tYp/1 4xQyv7huDE7Wil3UjTN50ji/gmE 4ivb9tXfQrDvmuQFQa44vh2HT97 uMLm/uKjh5MYqiUXQcDg5DsrQN8 pg8IbskIgfkkLwjR2RMOAHylXwj 34MomAQfg09L16C3inlI1iwQfwG 7E9hn</latexit><latexit sha1_ base64="ysdhX5I4RcPja/rxJV6 mnhmSZq8=">AAACr3icbVFLb9Qw EPaGVwmvFo5cLLZIRVpWCQ+VYyU unFArsd1Km6U49iRrNbYje9Ilsv ILuILEX+Pf4E1zYFtGsv1p5hvP4 8vrSjpMkj+j6NbtO3fv7dyPHzx8 9PjJ7t7TU2cay2HGTWXsWc4cVFL DDCVWcFZbYCqvYJ5ffNzE55dgnT T6C7Y1LBUrtSwkZxhcJ+x8d5xMk 97oTZAOYEwGOz7fG/3OhOGNAo28 Ys4t0qTGpWcWJa+gi7PGQc34BSt hEaBmCtzS95129GXwCFoYG45G2nv /zfBMOdeqPDAVw5W7Hts4J7n6X3 jRYPFh6aWuGwTNr2oVTUXR0M3kV EgLHKs2AMatDO1SvmKWcQz7iTMN a26UYlr4TIjOZ2azN0CfIXxHTzO UuqX7WQUFWlmukFlr1vtdFyp9hj UdkvvhRMtE+D704Yx19CAPLa6ZF a9DcPPSPvdVnAkognD9GrxqNbts O2/LvPNBgkkyTd+F6+1ht00sSwu gt4jvJ0kXBy3T68rdBKdvpmk6TU +S8VEyqLpDnpMX5ICk5JAckU/km MwIJ0B+kJ/kV5RG8+hr9O2KGo2G nGdkyyL5F52H1JU=</latexit>
n
<latexit sha1_base64="(null)"> (null)</latexit><latexit sha1_base64="(null)"> (null)</latexit><latexit sha1_base64="(null)"> (null)</latexit><latexit sha1_base64="(null)"> (null)</latexit>
n
<latexit sha1_base64="(null)"> (null)</latexit><latexit sha1_base64="(null)"> (null)</latexit><latexit sha1_base64="(null)"> (null)</latexit><latexit sha1_base64="(null)"> (null)</latexit>
n
<latexit sha1_base64="(null)"> (null)</latexit><latexit sha1_base64="(null)"> (null)</latexit><latexit sha1_base64="(null)"> (null)</latexit><latexit sha1_base64="(null)"> (null)</latexit>
(b)
<latexit  sha1_base64=" (null)">(null) </latexit><latexit  sha1_base64=" (null)">(null) </latexit><latexit  sha1_base64=" (null)">(null) </latexit><latexit  sha1_base64=" (null)">(null) </latexit>
(c)
<latexit s ha1_base64="(null)" >(null)</latexit><latexit s ha1_base64="(null)" >(null)</latexit><latexit s ha1_base64="(null)" >(null)</latexit><latexit s ha1_base64="(null)" >(null)</latexit>
(d)
<latexit sha1_base64="(null)">(null)</l atexit><latexit sha1_base64="(null)">(null)</l atexit><latexit sha1_base64="(null)">(null)</l atexit><latexit sha1_base64="(null)">(null)</l atexit>
(e)
<latexit sha1_base64="(null)">(null)</l atexit><latexit sha1_base64="(null)">(null)</l atexit><latexit sha1_base64="(null)">(null)</l atexit><latexit sha1_base64="(null)">(null)</l atexit>
(f)
<latexit sha1_base64="(null)">(null)</l atexit><latexit sha1_base64="(null)">(null)</l atexit><latexit sha1_base64="(null)">(null)</l atexit><latexit sha1_base64="(null)">(null)</l atexit>
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
FIG. 12. Same as in Fig. 10 but the electrons are initially
injected into the n = 0 and a = 1 subband and the trajectories
are run for 5 ps.
lax to the lowest energy band (n = 0, a = 1) and ∼ 99%
of the injected electrons get emitted. According to pan-
els (c) and (f) only ∼ 0.7% of the electrons are reflected
back to the injection point by the nanojunction.
Comparison of the kinetic and the total energy dis-
tributions in the case of phonon scattering turned off
(Fig. 9) and on (Fig. 11), reveals that the latter distri-
bution functions are significantly broadened due to the
inter- and intraband population transfer already identi-
fied in Fig. 10. The side peaks appear as the phonon
replicas of the main distribution peaks shifted up and
down for the energy of the optical phonon quantum. In
Fig. 11 (b), the coincidence between the energy distribu-
tion function of the electrons emitted from the subband
n = 0, a = 1, f01(zv), with the distribution of all elec-
trons emitted by the nanotip, f(zv), is also in agreement
with Fig. 10, confirming that the emission occurs from
the lowest energy band. Notice that, in Fig. 11 (a), the
kinetic energy of the electrons entering the emission re-
gion, f(z0), (red) is distributed above 0.5 eV. This is
above the electron affinity level (χ = 0.3 eV) and accord-
ing to Fig. 7 results in transmission probability one.
C. Comparison of nanotip and bulk emission
To compare the nanotip electron transport and emis-
sion properties with those in bulk diamond, we injected
the electrons into the lowest energy subband (n = 0,
a = 1) of the nanotip. Furthermore, a bulk slab of
equivalent, 200 nm, thickness and equivalent crystallo-
Ez(eV )
<latexit sha1_base64="6tzpQCuM9em82oyQs7DyE2apvr4=">AAA CtXicbVHLjtMwFHXDawiP6cCSjcUMUkcqVcJDZTkSQmKFZiTajtRUlWPfpFZjO7KdKcHKR7BD8DP8Bn/BJ+CkXdAZrmT76N5zfR8nLQtubBT97 gW3bt+5e+/gfvjg4aPHh/2jJ1OjKk1hQlWh9GVKDBRcwsRyW8BlqYGItIBZun7fxmdXoA1X8rOtS1gIkkuecUqsd80+LL8OYHq67B9Ho6gzfB PEO3B81r/48wshdL486n1PmKKVAGlpQYyZx1FpF45oy2kBTZhUBkpC1ySHuYeSCDAL1/Xb4Bfew3CmtD/S4s77b4YjwphapJ4piF2Z67HWOUzF /8LzymbvFo7LsrIg6bZWVhXYKtzOjxnXQG1Re0Co5r5dTFdEE2r9lsJEwoYqIYhkLmGscYlqtwfWJRa+WIcTy2WNT5ICMqt5vrJEa7U5aRpf6 RNs8C65G47VhPnvfR9GaYMHqW9xQzR76YPti7vc0zBhkHn5ujU4UUtyVTdO52njvATDaBS/8dfrcbNPzHMNIPeIb4dRE3ot4+vK3QTTV6M4HsU XXtQIbe0APUPP0QDFaIzO0Ed0jiaIojX6hn6gn8E4WAQsyLbUoLfLeYr2LFB/AYuq2Os=</latexit><latexit sha1_base64="NlvwYzBkEcK7g3oRPv6Mf8he5+8=">AAA CtXicbVHdbtMwFHbD3yh/HdzBjcWG1EmlSmBTuZyEkLhAaJNoO6mpKsc+Sa3GdmQ7K8HKE3DFHYLH4Sl4Cx4BJ+0F3TiS7U/nfMfn50uKnBsbh r87wY2bt27f2bvbvXf/wcNHvf3HE6NKTWFMVa70RUIM5FzC2HKbw0WhgYgkh2myetvEp5egDVfyk60KmAuSSZ5ySqx3Td8tvvRhcrToHYTDsD V8HURbcHDaO//z68PTr2eL/c73mClaCpCW5sSYWRQWdu6ItpzmUHfj0kBB6IpkMPNQEgFm7tp+a/zCexhOlfZHWtx6/81wRBhTicQzBbFLczXW OAeJ+F94Vtr0zdxxWZQWJN3USsscW4Wb+THjGqjNKw8I1dy3i+mSaEKt31I3lrCmSggimYsZq12smu2BdbGFz9bh2HJZ4cM4h9Rqni0t0VqtD +vaV/oIa7xNbodjFWH+e9+HUdrgfuJbXBPNXvpg8+I296gbM0i9fO0anKgkuaxqp7Okdl6CQTiMjv31elTvErNMA8gd4skgrLtey+iqctfB5NU wiobRuRc1RBvbQ8/Qc9RHERqhU/QenaExomiFvqEf6GcwCuYBC9INNehsc56gHQvUX48z2d8=</latexit><latexit sha1_base64="NlvwYzBkEcK7g3oRPv6Mf8he5+8=">AAA CtXicbVHdbtMwFHbD3yh/HdzBjcWG1EmlSmBTuZyEkLhAaJNoO6mpKsc+Sa3GdmQ7K8HKE3DFHYLH4Sl4Cx4BJ+0F3TiS7U/nfMfn50uKnBsbh r87wY2bt27f2bvbvXf/wcNHvf3HE6NKTWFMVa70RUIM5FzC2HKbw0WhgYgkh2myetvEp5egDVfyk60KmAuSSZ5ySqx3Td8tvvRhcrToHYTDsD V8HURbcHDaO//z68PTr2eL/c73mClaCpCW5sSYWRQWdu6ItpzmUHfj0kBB6IpkMPNQEgFm7tp+a/zCexhOlfZHWtx6/81wRBhTicQzBbFLczXW OAeJ+F94Vtr0zdxxWZQWJN3USsscW4Wb+THjGqjNKw8I1dy3i+mSaEKt31I3lrCmSggimYsZq12smu2BdbGFz9bh2HJZ4cM4h9Rqni0t0VqtD +vaV/oIa7xNbodjFWH+e9+HUdrgfuJbXBPNXvpg8+I296gbM0i9fO0anKgkuaxqp7Okdl6CQTiMjv31elTvErNMA8gd4skgrLtey+iqctfB5NU wiobRuRc1RBvbQ8/Qc9RHERqhU/QenaExomiFvqEf6GcwCuYBC9INNehsc56gHQvUX48z2d8=</latexit><latexit sha1_base64="NlvwYzBkEcK7g3oRPv6Mf8he5+8=">AAA CtXicbVHdbtMwFHbD3yh/HdzBjcWG1EmlSmBTuZyEkLhAaJNoO6mpKsc+Sa3GdmQ7K8HKE3DFHYLH4Sl4Cx4BJ+0F3TiS7U/nfMfn50uKnBsbh r87wY2bt27f2bvbvXf/wcNHvf3HE6NKTWFMVa70RUIM5FzC2HKbw0WhgYgkh2myetvEp5egDVfyk60KmAuSSZ5ySqx3Td8tvvRhcrToHYTDsD V8HURbcHDaO//z68PTr2eL/c73mClaCpCW5sSYWRQWdu6ItpzmUHfj0kBB6IpkMPNQEgFm7tp+a/zCexhOlfZHWtx6/81wRBhTicQzBbFLczXW OAeJ+F94Vtr0zdxxWZQWJN3USsscW4Wb+THjGqjNKw8I1dy3i+mSaEKt31I3lrCmSggimYsZq12smu2BdbGFz9bh2HJZ4cM4h9Rqni0t0VqtD +vaV/oIa7xNbodjFWH+e9+HUdrgfuJbXBPNXvpg8+I296gbM0i9fO0anKgkuaxqp7Okdl6CQTiMjv31elTvErNMA8gd4skgrLtey+iqctfB5NU wiobRuRc1RBvbQ8/Qc9RHERqhU/QenaExomiFvqEf6GcwCuYBC9INNehsc56gHQvUX48z2d8=</latexit><latexit sha1_base64="C8Cts5v+Von1drnFZIy6fexqEgQ=">AAA CtXicbVHbjtMwEHXDbSm3XXjkxaKL1JVKlXBReVwJIfGEFom2KzVV5diTrNXYjuzJlmDlI3hD8GX8DW62D3SXkWwfzZzxXE5WldJhHP/pRbdu3 7l77+B+/8HDR4+fHB49nTlTWw5TbkpjzzPmoJQapiixhPPKAlNZCfNs/WEbn1+CddLor9hUsFSs0DKXnGFwzT+uvg9hdrI6HMTjuDN6EyQ7MC A7O1sd9X6mwvBagUZeMucWSVzh0jOLkpfQ9tPaQcX4mhWwCFAzBW7pu35b+jJ4BM2NDUcj7bz/ZnimnGtUFpiK4YW7Hts6R5n6X3hRY/5+6aWu agTNr2rldUnR0O38VEgLHMsmAMatDO1SfsEs4xi21E81bLhRimnhUyFan5rt9gB9ivANPU1R6oYepyXkaGVxgcxaszlu21DpM2zoLrkbTjRMh O9DH85YR4dZaHHDrHgVgtuXdrkn/VRAHuTr1uBVo9ll03pbZK0PEozicfI2XG8m7T6xKCyA3iO+G8VtP2iZXFfuJpi9HifJOPkSD07jnaoH5Dl 5QYYkIRNySj6RMzIlnKzJD/KL/I4m0TISUX5FjXq7nGdkzyLzF57O1po=</latexit>
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FIG. 13. Same as in Fig. 11 but the electrons are initially in-
jected into the n = 0 and a = 1 subband, and the trajectories
are run for 5 ps.
graphic axes orientation was considered. Electrons were
injected at one side of the slab to the bottom of [100] val-
ley forming the same Maxwell distribution as in the case
of the nanotip and further accelerated by the same exter-
nal electric field. The MC device simulation code36 was
used without any modifications adopting a bulk phonon
scattering model summarized in Appendix C. The emis-
sion from the slab was modeled using the same potential
as for the nanotip. In both cases the electron trajectories
were run for 5 ps.
According to Fig. 12 (a), (b), (d), and (e), the elec-
tron transport is confined to the lowest energy subband
of both L and R NW segments. About 100% of the in-
jected electrons are emitted. According to panels (c) and
(f) of the same figure, a negligible amount, 0.02%, of the
injected electrons is reflected back. The energy distri-
butions in Fig. 13 are weakly influenced by the phonon
assisted scattering. The phonon assisted scattering rate
in a NW depends on the density of final states that
scales as ∼ 1/√Ezna representing the van Hove singular-
ity [Eqs. (C3) and (C6)]. Ezna denotes kinetic energy of
the scattered electrons. Accordingly, the sharply peaked
density of states allows the scattering only between or
near the bottoms of the subbands. In our case, the in-
terband scattering is suppressed, since electrons do not
gain enough kinetic energy to be scattered to the higher
energy subbands. Observed high emission rate has the
same origin as in the case of Sec. IV B.
In the case of bulk, 100% of electrons reach the emis-
sion region but only 21% of them are emitted. This ef-
fect can be rationalized by looking at the kinetic energy
11
Ez(eV )
<latexit sha1_base64="6t zpQCuM9em82oyQs7DyE2apvr4=">AAACtXicbVHLjtMwFHXD awiP6cCSjcUMUkcqVcJDZTkSQmKFZiTajtRUlWPfpFZjO7Kd KcHKR7BD8DP8Bn/BJ+CkXdAZrmT76N5zfR8nLQtubBT97gW 3bt+5e+/gfvjg4aPHh/2jJ1OjKk1hQlWh9GVKDBRcwsRyW8B lqYGItIBZun7fxmdXoA1X8rOtS1gIkkuecUqsd80+LL8OYH q67B9Ho6gzfBPEO3B81r/48wshdL486n1PmKKVAGlpQYyZx1 FpF45oy2kBTZhUBkpC1ySHuYeSCDAL1/Xb4Bfew3CmtD/S4s 77b4YjwphapJ4piF2Z67HWOUzF/8LzymbvFo7LsrIg6bZWV hXYKtzOjxnXQG1Re0Co5r5dTFdEE2r9lsJEwoYqIYhkLmGsc YlqtwfWJRa+WIcTy2WNT5ICMqt5vrJEa7U5aRpf6RNs8C65 G47VhPnvfR9GaYMHqW9xQzR76YPti7vc0zBhkHn5ujU4UUty VTdO52njvATDaBS/8dfrcbNPzHMNIPeIb4dRE3ot4+vK3QTT V6M4HsUXXtQIbe0APUPP0QDFaIzO0Ed0jiaIojX6hn6gn8E 4WAQsyLbUoLfLeYr2LFB/AYuq2Os=</latexit><latexit sha1_base64="Nl vwYzBkEcK7g3oRPv6Mf8he5+8=">AAACtXicbVHdbtMwFHbD 3yh/HdzBjcWG1EmlSmBTuZyEkLhAaJNoO6mpKsc+Sa3GdmQ7 K8HKE3DFHYLH4Sl4Cx4BJ+0F3TiS7U/nfMfn50uKnBsbhr8 7wY2bt27f2bvbvXf/wcNHvf3HE6NKTWFMVa70RUIM5FzC2HK bw0WhgYgkh2myetvEp5egDVfyk60KmAuSSZ5ySqx3Td8tvv RhcrToHYTDsDV8HURbcHDaO//z68PTr2eL/c73mClaCpCW5s SYWRQWdu6ItpzmUHfj0kBB6IpkMPNQEgFm7tp+a/zCexhOlf ZHWtx6/81wRBhTicQzBbFLczXWOAeJ+F94Vtr0zdxxWZQWJ N3USsscW4Wb+THjGqjNKw8I1dy3i+mSaEKt31I3lrCmSggim YsZq12smu2BdbGFz9bh2HJZ4cM4h9Rqni0t0VqtD+vaV/oI a7xNbodjFWH+e9+HUdrgfuJbXBPNXvpg8+I296gbM0i9fO0a nKgkuaxqp7Okdl6CQTiMjv31elTvErNMA8gd4skgrLtey+iq ctfB5NUwiobRuRc1RBvbQ8/Qc9RHERqhU/QenaExomiFvqE f6GcwCuYBC9INNehsc56gHQvUX48z2d8=</latexit><latexit sha1_base64="Nl vwYzBkEcK7g3oRPv6Mf8he5+8=">AAACtXicbVHdbtMwFHbD 3yh/HdzBjcWG1EmlSmBTuZyEkLhAaJNoO6mpKsc+Sa3GdmQ7 K8HKE3DFHYLH4Sl4Cx4BJ+0F3TiS7U/nfMfn50uKnBsbhr8 7wY2bt27f2bvbvXf/wcNHvf3HE6NKTWFMVa70RUIM5FzC2HK bw0WhgYgkh2myetvEp5egDVfyk60KmAuSSZ5ySqx3Td8tvv RhcrToHYTDsDV8HURbcHDaO//z68PTr2eL/c73mClaCpCW5s SYWRQWdu6ItpzmUHfj0kBB6IpkMPNQEgFm7tp+a/zCexhOlf ZHWtx6/81wRBhTicQzBbFLczXWOAeJ+F94Vtr0zdxxWZQWJ N3USsscW4Wb+THjGqjNKw8I1dy3i+mSaEKt31I3lrCmSggim YsZq12smu2BdbGFz9bh2HJZ4cM4h9Rqni0t0VqtD+vaV/oI a7xNbodjFWH+e9+HUdrgfuJbXBPNXvpg8+I296gbM0i9fO0a nKgkuaxqp7Okdl6CQTiMjv31elTvErNMA8gd4skgrLtey+iq ctfB5NUwiobRuRc1RBvbQ8/Qc9RHERqhU/QenaExomiFvqE f6GcwCuYBC9INNehsc56gHQvUX48z2d8=</latexit><latexit sha1_base64="Nl vwYzBkEcK7g3oRPv6Mf8he5+8=">AAACtXicbVHdbtMwFHbD 3yh/HdzBjcWG1EmlSmBTuZyEkLhAaJNoO6mpKsc+Sa3GdmQ7 K8HKE3DFHYLH4Sl4Cx4BJ+0F3TiS7U/nfMfn50uKnBsbhr8 7wY2bt27f2bvbvXf/wcNHvf3HE6NKTWFMVa70RUIM5FzC2HK bw0WhgYgkh2myetvEp5egDVfyk60KmAuSSZ5ySqx3Td8tvv RhcrToHYTDsDV8HURbcHDaO//z68PTr2eL/c73mClaCpCW5s SYWRQWdu6ItpzmUHfj0kBB6IpkMPNQEgFm7tp+a/zCexhOlf ZHWtx6/81wRBhTicQzBbFLczXWOAeJ+F94Vtr0zdxxWZQWJ N3USsscW4Wb+THjGqjNKw8I1dy3i+mSaEKt31I3lrCmSggim YsZq12smu2BdbGFz9bh2HJZ4cM4h9Rqni0t0VqtD+vaV/oI a7xNbodjFWH+e9+HUdrgfuJbXBPNXvpg8+I296gbM0i9fO0a nKgkuaxqp7Okdl6CQTiMjv31elTvErNMA8gd4skgrLtey+iq ctfB5NUwiobRuRc1RBvbQ8/Qc9RHERqhU/QenaExomiFvqE f6GcwCuYBC9INNehsc56gHQvUX48z2d8=</latexit><latexit sha1_base64="C8 Cts5v+Von1drnFZIy6fexqEgQ=">AAACtXicbVHbjtMwEHXD bSm3XXjkxaKL1JVKlXBReVwJIfGEFom2KzVV5diTrNXYjuzJ lmDlI3hD8GX8DW62D3SXkWwfzZzxXE5WldJhHP/pRbdu37l 77+B+/8HDR4+fHB49nTlTWw5TbkpjzzPmoJQapiixhPPKAlN ZCfNs/WEbn1+CddLor9hUsFSs0DKXnGFwzT+uvg9hdrI6HM TjuDN6EyQ7MCA7O1sd9X6mwvBagUZeMucWSVzh0jOLkpfQ9t PaQcX4mhWwCFAzBW7pu35b+jJ4BM2NDUcj7bz/ZnimnGtUFp iK4YW7Hts6R5n6X3hRY/5+6aWuagTNr2rldUnR0O38VEgLH MsmAMatDO1SfsEs4xi21E81bLhRimnhUyFan5rt9gB9ivANP U1R6oYepyXkaGVxgcxaszlu21DpM2zoLrkbTjRMhO9DH85Y R4dZaHHDrHgVgtuXdrkn/VRAHuTr1uBVo9ll03pbZK0PEozi cfI2XG8m7T6xKCyA3iO+G8VtP2iZXFfuJpi9HifJOPkSD07j naoH5Dl5QYYkIRNySj6RMzIlnKzJD/KL/I4m0TISUX5FjXq 7nGdkzyLzF57O1po=</latexit>
FIG. 14. Kinetic energy, Ez, distribution for the electrons
reaching the emission region at z0 for a bulk slab calculated
with and without phonon scattering.
distribution of the electrons, f(z0), reaching the emis-
sion region presented in Fig. 14. According to the plot,
the phonon assisted scattering has profound effect on the
transport by reducing the electron energy to the range
below 0.2 eV. This is below the electron affinity value
of 0.3 eV. Thus, the electrons have to tunnel under the
barrier to escape to the vacuum which significantly low-
ers the emission rate. Compared to the nanotip case,
high phonon scattering rate originates from the scaling
of the scattered electron density of states which is ∼ √E
[Eqs. (C1) and (C2)]. In contrast to the sharply peaked
van Hove singularity in NWs, bulk square root depen-
dance allows for a broad range of states accessible by the
scattered electrons.
V. CONCLUDING REMARKS
We have developed a theory addressing electron scat-
tering by diameter variation in a semiconductor nanotip
and electron emission from the surface terminating the
nanotip. The theory is applied to examine transmis-
sion and reflection probabilities for the varying diameter
nanojunction and for the emission region of a diamond
nanotip. The analysis shows that the nanojunction scat-
tering occurs within a narrow range of quantized con-
duction electron subbands due to the fast decrease of the
envelope function overlap. As further demonstrated, the
mismatch in the NW transverse effective mass and elec-
tron mass in vacuum within the emission region along
with the band energy quantization can result in a sub-
stantial lowering of the emission potential and the en-
hancement of the electron emission from the nanotip.
Noteworthy that the emission surface passivation should
affect the emission properties. Such effects cannot be ac-
counted directly in the effective mass approximation and
are subject of separate studies utilizing, e.g., atomistic
surface modeling. Atomistic modeling of the emission
region can also be employed to validate adopted distri-
bution of the confinement and the emission surface po-
tentials (Fig. 3) and make necessary model refinements.
Ultimate validation of the proposed emission model re-
quires comparison with experimental measurements.
The scattering and emission models have been im-
plemented into the MC transport simulations and used
to simulate the transport and emission properties of a
minimal geometry nanotip. The simulations show that
the interplay of the electron-phonon scattering and the
quantum size effects can result in up to 100% emission
of the injected electrons. In contrast, the phonon as-
sisted scattering in an equivalent size and orientation
bulk slab of diamond leads to a significantly lower emis-
sion outcome. This emphasizes an advantage of nanos-
tructuring to achieve an efficient electron source. Note-
worthy, that the nanotip surface roughness and electron-
impurity scattering effects are not accounted for in the
model. Such effects can potentially lower desired elec-
tron emission efficiency and require further examination.
Although the simulations are performed for the case of a
diamond based nanostructure, our model is general and
can be parametrized to study the same effects in nanotips
of various semiconductor materials, e.g., GaAs. Finally,
the methodology sets the stage for investigation of the
field and/or photoemission dynamics in semiconductor
nanotips subject to implementation of specific electron
injection or photoexcitation models.
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Appendix A: Derivation of MLR transfer matrix
Conduction band electron wavefunction in the C-
segment is defined as
ΨC(z) =
∑
β
φβ(z)|Cβ〉, (A1)
where φβ(z) is a superposition of counter propagating
electron waves characterized by the wavevectors ±kCβ
both defined by Eq. (2). The envelope wavefunction as-
sociated with the ket |Cβ〉 is given by Eq. (3).
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For a single subband β, the wave function φβ(z) and
its derivative, φ
′
β(z), at coordinates zL and zR (Fig. 2)
are related via the following transfer matrix relation38
[
φβ(zL)
φ
′
β(zL)
]
=
[
cos[kCβ (zR − zL)] sin[kCβ (zR − zL)]/kCβ
−kCβ sin[kCβ (zR − zL)] cos[kCβ (zR − zL)]
] [
φβ(zR)
φ
′
β(zR)
]
. (A2)
Now, we introduce a column vector of the wave functions
φ(z) = [φβ(z)] and their derivatives φ
′
(z) = [φ
′
β(z)] with
β = 1, Nsb. In these notations, we recast Eq. (A2) to the
block matrix form[
φ(zL)
φ
′
(zL)
]
=
[
MC11 M
C
12
MC21 M
C
22
] [
φ(zR)
φ
′
(zR)
]
, (A3)
where the diagonal transfer matrix block is M11 =
M22 = diag[cos[k
C
β (zR − zL)]]. The upper and lower
off-diagonal blocks are M12 = diag[sin[k
C
β (zR − zL)]/kCβ ]
and M21 = diag[−kCβ sin[kCβ (zR − zL)]], respectively.
Matching the boundary conditions for the L-segment
wave function (Eq. (4)) and its derivative with the C-
segment wave function (Eq. (A1)) and its derivative, we
get
Nsb∑
α=1
ΩCLβα (δαoαe
ikLαozL + rLαoαe
−ikLαzL) = φβ(zL), (A4)
ikLα(δαoαe
ikLαozL − rαoαe−ik
L
αzL) =
Nsb∑
β=1
ΩLCαβ φ
′
β(zL). (A5)
Here, the overlap integrals ΩCLβα and Ω
LC
αβ are defined in
Eq. (8). Further defining a column vectors of the Kro-
necker deltas, ∆αo = [δαoα], and a column of reflection
amplitudes, rLαo = [r
L
αoα], with α = 1, Nsb, we recast
Eqs. (A4) and (A5) to an equivalent block-matrix form
that reads[
φ(zL)
φ
′
(zL)
]
=
[
ΩCL 0
0 Ω−1LC
] [
I I
iKL −iKL
]
(A6)
×
[
eiKLzL 0
0 e−iKLzL
] [
∆αo
rLαo
]
.
In Eq. (A6), the overlap integral blocks are ΩCL =
Ω†LC = [〈Cβ |Lα〉], the unit matrix is I = [δαβ ], the
wavevector matrix is KL = diag[k
L
α ], and the exponent
of the wavevector matrix is eiKLzL = diag[eik
L
αzL ]. All
α, β = 1, Nsb.
Similar to above, matching the boundary conditions
at the C-R interface for the wavefunctions defined in
Eqs. (A1) and (5) and their derivatives, results in
φβ(zR) =
Nsb∑
γ=1
ΩCRβγ t
R
αoγe
ikRγ zR , (A7)
Nsb∑
β=1
ΩRCγβ φ
′
β(zR) = ik
R
γ t
R
αoγe
ikRγ zR . (A8)
This set of linear equations is equivalent to the block-
matrix equation[
φ(zR)
φ
′
(zR)
]
=
[
ΩCR O
O Ω−1RC
] [
I I
iKR −iKR
]
(A9)
×
[
eiKRzR O
O e−iKRzR
] [
tRαo
0
]
,
where tRαo = [tαoγ ] and 0 are the same size columns
of transmission amplitudes and zeros, respectively. The
overlap integral matrix is ΩCR = Ω
†
RC = [〈Cβ |Rγ〉] and
O is a matrix of zeros. KL = diag[k
R
γ ] and e
iKRzR =
diag[eik
R
γ zR ]. All the matrices are of the Nsb ×Nsb size.
Substitution of Eqs. (A6) and (A9) into Eq. (A3) fol-
lowed by trivial linear matrix manipulations results in
Eq. (6) and (7).
Appendix B: Derivation of transfer matrix for
electron emission
As demonstrated in Sec. II B electron emission does
not mix electron states that belong to different subbands.
Therefore, we describe this process using 2 × 2 transfer
matrix representation associated with a single subband
denoted by α.
Let us define the electron wave function within the
emission region z0 ≤ z ≤ zv as
Ψeα(z) = ϕα(z)|α〉, (B1)
with the ket |α〉 satisfying Eq. (3). Values of the wave-
function ϕ(z) and its derivative ϕ
′
(z) at the boundaries
of the emission region are determined by the following
equation[
ϕα(z0)
ϕ
′
α(z0)
]
=
[Mα11 Mα12
Mα21 Mα22
] [
ϕα(zv)
ϕ
′
α(zv)
]
. (B2)
with the transfer matrix defined in Eq. (20).38
Matching the boundary conditions for the electron
wavefunctions given by Eqs. (14) and (B1) and their
derivatives at z0 can be performed in analogy with
Eqs. (A4)–(A6). This results in[
1
rα
]
=
[
e−ikαz0 0
0 eikαz0
] [
1/2 −im∗l /(2mekα)
1/2 im∗l /(2mekα)
]
(B3)
×
[
ϕα(z0)
ϕ
′
α(z0)
]
,
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where kα, is given by Eq. (2) and the ratio m
∗
l /me ac-
count for the electron mass mismatch at the interface.
In analogy with Eqs. (A7)–(A9), we match the bound-
ary conditions at zv for the wavefunctions given by
Eqs. (B1) and (15) and their derivatives. This results
in[
ϕα(zv)
ϕ
′
α(zv)
]
=
[
1 1
ikvα −ikvα
] [
eik
v
αzv 0
0 e−ik
v
αzv
] [
tα
0
]
, (B4)
where kvα is defined in Eq. (16).
Substitution of Eqs. (B3) and (B4) into Eq. (B2) ac-
companied by linear matrix operations results in Eq. (18)
with the transfer matrix in the form of Eq. (19).
Appendix C: Models for electron scattering by
acoustic and optical phonons
This Appendix provides a summary of the models for
the electron-phonon scattering in bulk crystalline and
NW structures that were implemented into the MC trans-
port simulations discussed in Sec. IV.
In bulk diamond crystals, the acoustic phonons cause
electron scattering within a conduction band valley with
the rate
W ac(E) =
2piΞ2ackBT
~ρ¯v2s
(C1)
× (2m
∗
l )
3/2
√
E(1 + αE)
4pi2~3
(1 + 2αE),
where E is the total energy of a conduction electron,
α is the band non-parabolicity parameter, ρ¯ is crystal
density, vs is the sound velocity, and Ξac is the acoustic
deformation potential.
The intervalley electron scattering in the bulk diamond
is facilitated by the optical phonons and characterized by
the following rate
W op(E) =
piΞ2opZf
ρ¯ω0
[n¯(ω0) + 1/2∓ 1/2] (C2)
× (2m
∗
l )
3/2
√
Ef (1 + αEf )
4pi2~3
(1 + 2αEf ),
where E is the total initial energy of a conduction band
electron, Ef = E−∆E±~ω0 is its final energy with ∆E
being the energy difference between the bottoms of initial
and final valleys, ~ω0 is a quantum of phonon energy,
and Zf is the number of equivalent final valleys. The
phonons population at thermal equilibrium is n¯(ω0) =
[e~ω0/kBT − 1]−1.
In the case of NW structures, we define a set of
quantum numbers βo = {no, ao} designating an elec-
tron subband (see Sec. II) in which its kinetic energy
is Ezβo = ~
2k2βo/2m
∗
l . The rate for this electron to scatter
into subband β = {n, a} due to the interaction with the
acoustic phonons is37
W acβoβ(E
z
β) =
Ξ2ackBT
~2ρ¯v2s
(C3)
× Dβoβ
(2m∗l )
1/2(1 + 2αEzβ)√
Ezβ(1 + αE
z
β)
Θ(Ezβ).
Here, the electron final state kinetic energy is
Ezβ =
~2
2m∗t
(
κ2βo − κ2β
)
+
√
1 + 4αEzβo − 1
2α
± ~ω0, (C4)
with ω0 = 0 set specifically for the acoustic phonons. Due
to the presence of van Hove singularity in 1D density of
electron states one requires that Ezβ > 0 as ensured by
the Heaviside step function, Θ(Ezβ), entering Eq. (C3).
The overlap integral in Eq. (C3) defined in terms of the
normalized Bessel functions of the first kind (Eq. (3))
reads
Dβoβ = N2βoN2β
ρNW∫
0
dρρJ2no(κβoρ)J
2
n(κβρ). (C5)
Notice that in contrast to Eq. (8), this integral does not
conserve the angular momentum quantum number and
has dimensionality of the inverse area.
Finally, the rate of electron in a subband βo of a kinetic
energy Ezβo to scatter into another subband β and acquire
a kinetic every Ezβ (Eq.(C4)) facilitated by the optical
phonons is37
W opβoβ(E
z
β) =
Ξ2op
2~ω0ρ¯
[n¯(ω0) + 1/2∓ 1/2] (C6)
× Dβoβ
(2m∗l )
1/2(1 + 2αEzβ)√
Ezβ(1 + αE
z
β)
Θ(Ezβ).
Here, the overlap integral, Dβoβ , is also given by Eq. (C5)
and Ezβ by Eq.(C4) with ~ω0 6= 0.
For the simulations in Sec. IV, bulk diamond param-
eters entering the scattering rates (Eqs. (C1)–(C3), and
Eq. (C6)) are adopted from Ref. [39]. In particular, the
band nonparabolicity is set to α = 0.39,40
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